Virtual birding : extending birdwatching to review acoustic recordings by Cottman-Fields, Mark D.
    
Virtual Birding:  
Extending Birdwatching  
to Review Acoustic Recordings 
 
 
Mark Cottman-Fields 
BInfTech (Queensland University of Technology) 
 
 
A thesis by monograph in fulfilment of the requirements for the degree of  
 
Doctor of Philosophy 
 
in Human-Computer Interaction 
2017 
 
 
 
 
 
Ecoacoustics Research Group 
Computer-Human Interaction Discipline 
Electrical Engineering and Computer Science School 
Science and Engineering Faculty 
Queensland University of Technology 
Brisbane, Queensland, Australia 
 
Principal Supervisor Professor Paul Roe 
Associate Supervisor Professor Margot Brereton 

   i 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To those who love the dawn chorus 
  
 ii   
Keywords 
Human-Computer Interaction; Acoustic Sensing; Birdwatching; Birding; Birdwatchers; 
Birders; Field Research; Exploratory Prototype; Citizen Science; Acoustic Analysis; Interviews; 
User-centred Design; Website Interface; Audio Recording Review; Ecoacoustics;  Serious 
Leisure; Expert Community; Human Computation; Domain Expertise; Collaborative 
Extension; Environmental Sound; Terrestrial Sensing; Research in the Wild 
  
   iii 
Abstract 
Observations made by birders have been integral to avian research and conservation efforts 
for decades. However, broader sources of data about avian activity are needed, to improve 
the information available for environmental management. Technology advances have seen 
acoustic monitoring emerge as a new way to study birds. The ever-increasing raw data from 
acoustic sensors requires processing, to extract information about bird activity. This is a 
difficult analysis problem, as there are just under 900 bird species in Australia and most have 
multiple distinct, yet variable, calls. 
There is an opportunity to extend birding activities to include collection and review of 
recorded audio. Currently, no acoustic analysis interfaces are available to enable 
collaboration between ecologists and experienced birders. Effective interfaces require an 
understanding of the culture and practices of birders, along with how birders can apply their 
experience to the review of recorded audio. The aim of this research was to extend birding 
to enable experienced birders to effectively analyse recordings of terrestrial environmental 
sound. This was investigated through three questions: 1) What are the backgrounds of 
Australian birders and how do they make use of recorded audio? 2) How might birders 
incorporate acoustic monitoring into their local birding activities? 3) What computer 
interfaces support birders to effectively identify birdcalls from long duration, terrestrial 
acoustic monitoring data? 
The research methodology was framed around User-centred design and Reflective Agile 
Iterative Design. The five qualitative research activities used interviews, field studies, 
exploratory prototype websites, and questionnaires. The results showed that participants 
invested energy into observing birds at favourite local areas and that their identification skills 
were region-specific. Many birders were eager to find uncommon birds on bird walks, and in 
recorded audio from places and times of day that were otherwise difficult to access. Acoustic 
recordings offered opportunities to enhance birdcall identification skills and find birds that 
may otherwise be undetected. Birders could apply their acoustic identification knowledge to 
recorded audio, to identify a range of birdcalls with moderate accuracy, with the aid of 
spectrogram images: time-frequency-amplitude visualisations of recorded audio. This thesis 
contributed website interface designs based on birding practices, to enable experienced 
birders to apply knowledge and skills that are not available elsewhere. These results indicate 
that integrating scientific acoustic monitoring endeavours into Australian birders’ practices 
can provide expanded and reliable information for avian research and conservation efforts. 
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Definitions 
There are some terms used in this document and in the associated research disciplines that 
have specific, established meanings: 
Acoustic event A region of audio that is different from its surroundings in some 
way. The region is defined by frequency and time. Acoustic 
events may overlap in time and frequency. 
Acoustic review, 
Acoustic analysis 
The examination and identification of the content of an audio 
recording. 
Annotation A combination of an acoustic event and with optional tags 
describing the event. 
Audio recording A method for storing sound, usually electronically, so that the 
sound can be reproduced. 
Automated analysis A computer program and algorithm that can detect, and possibly 
classify, acoustic events without human involvement. 
Bioacoustics The combination of biology and acoustics: the study of the 
generation and reception of sound by animals. See also 
Ecoacoustics. 
Bioacoustic event An acoustic event generated by a biological source. 
Birdcall, Bird song A vocalisation made by a bird. Calls and songs are sometimes 
treated as distinct, with songs being more melodious or 
complex, or associated with mating. 
Birder A person with knowledge of and experience in birding. 
Birding Dedicated birdwatching. A regular pursuit requiring substantial 
time and effort. Includes the goal of broad experience and in-
depth knowledge of bird identification, using visual and auditory 
cues, such as sound, behaviour, shape, and colour. 
Birdwatcher A person who engages in birdwatching. 
 xiv   
Birdwatching The pastime of visiting a place with the express purpose of 
seeking and observing wild birds. 
Call, song Sound produced on purpose by an animal. See also vocalisation. 
Citizen science An approach to research involving scientists collaborating with 
volunteers for data collection, data validation, or data analysis, 
aiming to address scientific questions. 
Crowdsourcing A way to procure services or content from a large, loosely 
defined public group; an alternate or augmentation to more 
traditional means of completing work, such as being employed 
by a company. 
Ecoacoustics The study of sounds generated by ecological sources over large 
geographical areas and long temporal durations, with a focus on 
data collection and processing. See also Bioacoustics. 
Human Computation An automated process that performs a large computation task 
by assigning smaller tasks, derived from the larger task, to 
people. 
Online application, 
web-based application 
A website, usually publicly available, which provides interactive 
functionality to complete specific tasks. 
Pastime An enjoyable hobby or volunteer activity, undertaken by choice, 
which is not work. 
Patch, Local patch, 
Patch-working 
An easily-accessible place where one or more birders regularly 
visit and develop their birding skill. 
Tag A short, descriptive textual label. 
Vocalisation A call generated by an animal’s mouth. 
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Chapter 1: Introduction 
This thesis presents research into computer interfaces designed for birders, to review audio 
recorded in natural terrestrial environments. The detection and identification of faunal 
vocalisations in acoustic monitoring data is a recent approach to augmenting observations 
from traditional field surveys. People with experience and knowledge in birding have the 
potential to contribute valuable information for the management and conservation of avian 
species. This chapter presents the background and context for the research, the research 
problem and goals, and the significance of this thesis. 
 Background 
It is the ongoing reduction in biodiversity and issues around monitoring and maintaining the 
health of the natural environment, which motivate this thesis. There are constant pressures 
on the environment: habitat degradation due to land development, changes in weather due 
to climate change, and the effects of waste from human activities. According to the 
Intergovernmental Panel on Climate Change, climate change has a noticeable and increasing 
impact on the environment around the world and the way the human population interacts 
with it (Allen et al., 2014).  
Objective and reliable information related to the state of the environment is critical for 
understanding overall trends and improving environmental health. Long-term monitoring, in 
a variety of geographic locations, gathers data about faunal activity and composition changes 
(Munson et al., 2010). The essential information to be monitored includes the presence, 
distribution, and abundance of faunal species. Increasing the observations available is 
necessary for improving land use decisions and to show the need for, as well as to direct, 
conservation efforts.  
Ecologists accumulate data regarding the condition of flora and fauna through biodiversity 
monitoring. They traditionally do this via field surveys, as well as trapping and tagging 
individual animals. The information from traditional monitoring tends to be high quality. This 
monitoring by ecologists and knowledgeable environmentalists is comprehensive and 
valuable; however, it is infrequent, expensive, and covers small geographic areas. There are 
a limited number of people with the time, resources, and knowledge to undertake 
scientifically useful field surveys. 
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Data from sensors complements monitoring by ecologists. Environmental monitoring is 
increasingly long-term and uses a range of sensors that enable broader coverage over time 
and across ecosystems. Sensors can record measurements continuously or follow a 
scheduled sampling approach, depending on the ecological goal and power source. 
Monitoring the environment using sensors can gather large amounts of data efficiently. 
However, this data must be reviewed to extract useful information. Automated analysis of 
large amounts of data is viable for some datasets; other data can prove too variable and 
complex for effective analysis by current algorithms. 
The QUT Ecoacoustics Research Group and others have proposed the use of acoustics for 
directly measuring terrestrial faunal biodiversity (Hobson, Rempel, Hamilton, Turnbull, & Van 
Wilgenburg, 2002; R. Mason et al., 2008; Zilio & Preatoni, 1996). Acoustic sensors can 
augment traditional field surveys by recording sounds made by fauna in the surrounding 
area. Animals produce sounds through their mouth as vocalisations or by using other non-
vocal means. These sounds are auditory communications, for interactions such as warning 
signals, mating rituals, or social learning. 
These sounds can indicate the presence and absence of specific species, the times they are 
active, and the variation in calls, reflecting the range of communication. Monitoring 
biodiversity through acoustic activity allows the collection of snapshots of a location and 
comparisons of these snapshots indicate changes over time. Acoustic sensors have a low 
impact on the environment and can collect objective data for long periods over broad areas. 
Researchers can process acoustic data multiple times for varying purposes, whereas 
information from traditional surveys retains any bias or errors in the original observation 
(Wimmer, Towsey, Planitz, Williamson, & Roe, 2012). Arrays of acoustic sensors enable 
direction detection (Blumstein et al., 2011), and the sound recordings are of a reasonable 
size to store and manage. 
Audio recordings from acoustic sensors are often complex. Some analysis is possible through 
automated signal processing; however, in general, automated identification of animal calls 
in uncontrolled environmental recordings is intractable and requires substantial time and 
extensive training for machine learning approaches. These data and requirements can pose 
significant impediments to creating effective automated systems (T. Hey & Trefethen, 2003). 
The restrictions on traditional terrestrial monitoring through field surveys, and the challenges 
of creating reliable automated analysis algorithms for acoustic data, lead to the need for 
alternate ways of producing the necessary environmental observations from recorded audio. 
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People outside typical research organisations can provide significant contributions to 
research. For example, participants in a protein folding game created effective folding 
algorithms that, in some cases, out-performed state-of-the-art computational methods 
(Khatib, Cooper, et al., 2011). Regarding avian projects, the Queensland Wader Study Group 
contributed abundance data to a migratory shorebird variability study (Wilson, Kendall, 
Fuller, Milton, & Possingham, 2011), and birders’ observation lists provided the best source 
data for evaluating protected habitat areas (Barnes, Szabo, Morris, & Possingham, 2015). This 
wealth of experience, knowledge, and skill gained through dedication to a pastime is difficult 
to replicate and can be an essential resource for ecological research. Wild birds are found 
world-wide and ecologists can use observations of birds as part of their conservation and 
environmental monitoring work. There are just under 900 avian species in Australia, with an 
estimated 10,000 species of birds worldwide (Chapman, 2009). 
A person with the dedication, skills, and knowledge to identify wild birds through 
appearance, behaviour, or vocalisations is a ‘birder’. A birder is distinct from a birdwatcher 
in their dedication to the pastime. There are birding groups in many countries around the 
world. This outdoor pastime is growing in popularity, mainly in richer countries as a hobby 
and form of ecotourism (Connell, 2009). Gaining competency in birding demands a 
substantial investment of time and resources, including travel to sometime remote locations 
to access and observe wild birds. This collection of knowledge and experiences around birds 
and related conservation activities is difficult to replicate in any other way. 
There is the potential to extend the reach and number of bird observations through review 
of recorded audio by birders. However, it is not currently known if or how identification skills 
translate to acoustic data review. There is also limited knowledge around the interfaces that 
facilitate effective acoustic data analysis. Members of conservation and birding communities 
could contribute to the design and development of computer interfaces for acoustic data 
review. This thesis investigates applying their knowledge to review of recorded audio, with 
the potential for personal, community, and scientific benefits. 
 
  
 20   
 Context and Research Problem 
This thesis has a local context within the broader global actions to address decreasing 
biodiversity. Reliable and regular monitoring and assessment of environmental health is 
increasingly urgent, to obtain information for conserving flora, fauna, and ecosystems 
(Queensland Environmental Protection Agency., 2008). According to the Australian 
Government’s 2011 State of the Environment report (2011, p. 2),  
“Long-term collection of national data on trends of many aspects of the environment is 
currently limited, which severely constrains the ability of Australian governments to develop 
and enact evidence-based environmental policy.” 
In the context of long-term data collection within Australia, the data stored by the 
Ecoacoustics research group differs from most current repositories of sound, due to the 
length of recordings. Projects such as Xeno-canto and Atlas of Living Australia prefer short 
‘trophy’ recordings of up to 10 minutes’ duration over hour or daylong recordings. Common 
interface metaphors and navigation methods may not be suitable for untargeted, long 
duration audio recordings. For example, a typical audio playback seek bar does not scale to 
precise navigation over many hours. These interface challenges were a key part of the 
research in this thesis, explored through prototype interfaces. 
The rationale for this thesis was, while there were plenty of guidebooks, mobile applications, 
and training recordings available for birders, there was little in the way of public access to 
research efforts involving bird identifications using recorded audio. The widespread use of 
Internet connected, personal computing devices, presented clear opportunities for improved 
engagement of birders through technology. Creating and evaluating computer interfaces 
that provide the means to inspect and interpret environmental recorded audio could enable 
research projects to tap the experience and skills of birders. Integrating acoustic sensing into 
the ordinary activities of conservation groups and birding routines is an opportunity for many 
people to contribute their time, skills, and effort to avian conservation. 
Interdisciplinary research was the best way to approach this research, as it involved concepts, 
people, and data from a few distinct fields of research and endeavour. The main disciplines 
were Human-Computer Interaction (HCI), data science, and birding practices. The HCI aspects 
included user interface design, evaluation of prototypes, and interactions with participants. 
Processing large amounts of audio data is a data science challenge, particularly in citizen 
science and semi-automated processing. The combination of these disciplines is the review 
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of recorded audio through computer interfaces as an additional approach to birding: Virtual 
Birding (Figure 1.1). 
 
Figure 1.1 – How disciplines intersect in this thesis 
This thesis captures the author’s interest in research that occurs across intersecting 
disciplines. This interest particularly relates to the process of extracting knowledge from 
complex data. This thesis is an opportunity to promote collaborative research activities 
involving scientists and people with unique, self-taught knowledge, supported by the design, 
development, and evaluation of novel computer interfaces. 
The process from acoustic data collection to scientifically useful observations has substantial 
research questions at every step. There are also many facets to birding activities. This thesis 
focuses on review of acoustic data collected in uncontrolled environmental settings, with 
analysis by experienced birders to identify birdcalls. Activities outside of this scope included: 
 large-scale collection and management of acoustic data; 
 automated analysis of audio files; 
 production-quality or high-uptime websites; 
 building the user base of existing or new projects; 
 long-term or wide-spread review by people without relevant prior knowledge; and, 
 detection or analysis of sounds other than birdcalls. 
These excluded areas have research attention from researchers within ecological, citizen 
science, and machine learning disciplines. The priority was on computer interfaces for review 
Virtual 
Birding
Australian 
birding 
practices
Interface 
design 
and 
evaluation
Review of 
acoustic 
sensor data
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to answer scientific questions, rather than educational or broad appeal. Building the user 
base and broader appeal are potential topics for future research projects. 
The primary birding activity considered in this thesis was the process of detecting a bird, 
deducing the likely species, and recording the observation. There are similarities in this 
process between birders around the world, as well as differences due to the distinctive 
features and habitats of birds. Participants and acoustic data were mainly sourced from the 
greater Brisbane area – where QUT is located – within South East Queensland, Australia. This 
enabled in-person meetings with participants and allowed the author to join birding 
activities. The geographical restrictions also assisted with selecting recorded audio to match 
birders’ regional knowledge of avian species. 
The other scoping decision of note was the choice of context for prototype computer 
interfaces for review of acoustic data. The interface design and development focused on 
desktop computer use at home or in an office, rather than mobile devices or while outside. 
The interface design and software development skills of the author could be most effective 
in this scope. The demographics and usual activities of birders, obtained from academic 
literature, indicated that desktop computer use was a common activity. 
The university and the Ecoacoustics research group provided some resources for the work of 
this thesis. The research group has a broad objective of the collection and analysis of large 
amounts of acoustic monitoring data, with the goal of providing faunal observations to 
ecologists. The resources included software and equipment for computer interface design 
and development, as well as the sensor devices and contacts within local birding 
communities. The author designed and built the exploratory prototypes for this research, 
and contributed software development and design expertise to the Ecoacoustics Research 
Group’s website. The source of the acoustic data used in the prototypes was a very small 
portion (approximately a week) of the 33 terabytes (a total duration of approximately 21 
years) of audio recordings managed by the research group. The prototypes also received 
website hosting and bandwidth from the research group after being developed by the 
author. 
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 Research Question 
A research question with three sub questions guided this research into extending birding for 
review of acoustic recordings. The question required investigating birding practices and 
routines, approaches for integrating acoustic sensing into birding activities, and effective 
computer interface designs for analysing audio recordings.  
Research Question (RQ): What extensions to birding enable experienced birders to 
effectively analyse recordings of terrestrial environmental sound? 
Sub-question 1 (SQ1): What are the backgrounds of Australian birders and how do 
they make use of recorded audio?  
Sub-question 2 (SQ2): How might birders incorporate acoustic monitoring into their 
local birding activities? 
Sub-question 3 (SQ3): What computer interfaces support birders to effectively 
identify birdcalls from long duration, terrestrial acoustic monitoring data? 
 Research Design and Methods 
The research design for this thesis centred on methods to assess the application of birders’ 
knowledge to the review of acoustic monitoring data. This required qualitative examination 
of current Australian birders’ activities and their aspirations for recorded audio. In-depth 
interviews with birders were transcribed and analysed to extract insights from the point-of-
view of the participants, as well as the researcher. Other methods were field study, 
participation in birding outings, and observation of birders’ interactions with each other and 
recorded audio. 
The research design and thesis layout guide the research through understanding the 
participants, assessing current birding activities, and then evaluating novel designs of 
exploratory prototypes. The research design establishes a base of knowledge of Australian 
birders and their current practices. Then, it builds on this to explore augmenting birding 
activities to include using sensors to record audio. From there, the research evaluates 
methods for knowledge of birdcalls to be applied to recorded audio, and whether 
identification skills are able to translate to an electronic format. The research work concludes 
with a design that extends the birding pastime, to integrate recorded audio into a virtual bird 
walk. 
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Extensive research exists regarding the reasons why people enjoy and pursue birding and the 
outdoor activities involved, as well as the environmental and economic impacts due to 
ecotourism. However, there is less known regarding how birders currently make use of 
recorded audio. While the literature review of this thesis establishes similarities between 
birding practices around the world, much of the literature concerns birders and their 
activities in the US and UK; more information is needed about Australian birders and whether 
or how they make use of recorded audio in their birding. This thesis makes use of existing 
quantitative literature characterising birders and their practices, for example McFarlane 
(1994), Alldredge (2007), and Ma (2013). These researchers examined the motivations and 
psychological factors behind birding. This thesis concentrates on how the backgrounds, 
interests, and activities of birders might translate to computer interface designs to engage 
birders in analysis recorded audio. 
An exploratory approach, combined with user-centred design, offered the most appropriate 
method for extending and augmenting current activities. In comparison, laboratory work or 
direction from community leaders would interrupt current birding activities and be a barrier 
to organic experimentation and evaluation of recorded audio by birders.  
Acoustic monitoring can complement environmental observations obtained via field surveys 
by ecologists. Birders have specific and valuable expertise to offer to acoustic monitoring 
projects undertaken by researchers, governments, and conservation groups, but there is 
uncertainty around how collection and analysis of acoustic data might align with the culture 
and practices of birding. Even regular use of recorded audio for identifying birds and 
enthusiastic participation in acoustic monitoring projects does not resolve how birders can 
effectively analyse recordings from acoustic monitoring. In contrast to broad participation in 
citizen science initiatives and contributions to catalogues of observations of the natural 
environment, analysis of long-duration audio – durations of days, months, even years – 
demands extensive prior knowledge and there are no existing suitable computer interfaces 
to support analysis. 
Answering these research questions required nuanced, yet routine, information about 
birders: their habits, knowledge of birds and habitats, and personal reasons for engaging with 
recorded audio collection and analysis. It also required the design and evaluation of 
computer interfaces suitable for experienced birders to effectively analyse long-duration, 
terrestrial acoustic monitoring data. This fit a qualitative approach using the Human-
Computer Interaction methods User-centred design (UCD) and field studies. HCI design 
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research has shown that placing participants’ perspectives, aspirations, and activities at the 
centre of the research produces the most effective computer interface prototypes (Kujala, 
2003) (Norman & Draper, 1986).  
Figure 1.2 provides a visual overview of the research design and research questions, showing 
the research questions, methods and analysis, data collection investigations, participants, 
and data. Chapter 3 provides more detail on the research design. It documents and discusses 
the methodology, data collection and analysis techniques, interface design and evaluation 
approach, participants, and timeline.  
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Figure 1.2 – Research design showing questions, methods and analysis, data collection investigations, participants, and data 
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 Contribution and Significance 
People with substantial prior knowledge in identifying birds can aid in solving the challenges 
presented by the increasing use of long-term acoustic monitoring. The methods and 
computer interfaces to enable birders to apply their knowledge to produce useful 
observations of the environment are currently uncertain. This thesis addresses this 
uncertainty, with three significant aspects. 
1. This thesis contributes a new approach for sourcing observations of the 
environment. This approach enables birders to apply their identification abilities to 
audio recordings of the natural environment. While birders have always contributed 
observations from the field to research endeavours, this thesis enables birders to 
expand their contribution and involvement through the review of recorded audio. 
2. This thesis demonstrates the potential benefits of integrating Australian birders’ 
practices with conservation and scientific activities. This includes protocols and 
suggestions for effective application of birders’ knowledge to the analysis of acoustic 
monitoring data. People responsible for environmental management could structure 
conservation activities by using this information about the activities and skills of 
birders, spurring expanded use of acoustic monitoring and the increased likelihood 
of birders sharing their observations. 
3. The results from this research provide design insights for computer interfaces that 
enable birders to contribute their specialised knowledge. Typical audio playback 
interfaces in audio players and audio editing programs are tedious to use when 
reviewing and annotating environmental recordings, particularly long-duration 
recordings. The results in this thesis, from evaluations of exploratory prototypes, 
provide guides for other projects looking to enhance the analysis of long-duration 
audio recordings. 
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 Thesis Outline 
This thesis comprises nine chapters.  
Chapter 1 introduces the context, research question, and significance. Chapter 2 explores 
related work and the current research literature. Chapter 3 describes and justifies the 
research design.  
Chapters 4 to 8 report findings from the research activities performed for this thesis, 
addressing the research question and three sub-questions. Chapter 4 investigates the first 
research sub-question, looking at the backgrounds of Australian birders and their use of 
recorded audio. Chapter 5 explores integrating acoustic monitoring into routine birding 
activities to address the second research sub-question.  
Chapters 6, 7, and 8 respond to the third research sub-question: investigating interface 
designs that enable birders to identify birdcalls in acoustic data. Chapter 6 evaluates birders’ 
identification accuracy. Chapters 7 and 8 report findings from the design, implementation, 
and evaluation of computer interfaces that assess the record keeping, annotation 
verification, and learning components of identifying birdcalls in acoustic data.  
Chapter 9 concludes the thesis by distilling the key contributions and findings, as well as 
potential future work.  
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Chapter 2: Literature Review 
The core areas of knowledge in this thesis are acoustic monitoring of natural environments 
for biodiversity assessment, birding, crowd sourcing and citizen science, and user-centred 
design. These knowledge areas, discussed in this chapter, underpin the findings and 
contributions of this thesis. This chapter discusses challenges for working with acoustic data 
from the environment, and the research groups around the world that concentrate their 
research on deriving information from environmental recordings. 
Acoustic monitoring involves deploying devices that record sound, which results in large 
datasets. These datasets require analysis by people and algorithms to produce information 
about biodiversity. This literature review details the current understanding of the 
motivations and goals of people who observe birds, how they gain bird identification 
knowledge, and the reasons for their continued participation. The interface designs in this 
thesis aimed to enable the efforts of birders in a similar way to citizen science projects. 
Chapter 2 therefore reviews the substantial literature in the crowd sourcing, human 
computation, and citizen science areas.  
User-centred design research informed the design of computer interface prototypes and 
immersion into established birding communities to evaluate designs. This literature review 
evaluates user-centred research methods such as field studies and ‘research in the wild’. 
These are widely implemented approaches to developing qualitative understanding of 
individual approaches and norms in communities.  
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 Monitoring the Environment using Acoustics 
Monitoring is primarily concerned with the collection and analysis of data with 
spatiotemporal dimensions. Large-scale monitoring is inherently data-intensive. The 
identification and monitoring requirements of Article 7 of the global Convention on Biological 
Diversity necessitate biodiversity monitoring programs; Australia’s current implementation 
of this legally-binding convention is the Biodiversity Conservation Strategy 2010-2030 
(Natural Resource Management Ministerial Council, 2010). This strategy includes biodiversity 
monitoring and reporting as a priority.  
The major ecological goal of establishing driving environmental acoustic sensing is estimating 
the species richness of a region, through detecting the presence and absence of fauna. This 
section provides a background on acoustic monitoring activities. It discusses scientific data 
collection, acoustic sensing, methods for analysis of acoustic data, visualisations using 
spectrograms, and the research groups around the world that are currently conducting 
research involving acoustic data. 
2.1.1 Data Collection for Environmental Monitoring 
Environmental monitoring via a wide range of methods is necessary to determine the current 
state of the environment and provide notification of changes in the monitored areas. Data 
are needed to aid in decisions and properly manage the environment, climate, and 
biodiversity. The collection of various types of data is an intense area of research, as is the 
analysis of the collected data. Automated processing of large amounts of observational data 
has proven to be a significant challenge. Acoustic data is one component of a more data-
intensive natural environment management strategy. 
More and more modern scientific inquiry depends on capturing and analysing large amounts 
of data (T. Hey & Trefethen, 2003). This computationally intensive approach to research 
combines the increasing amounts of data that can be captured using various types of sensors, 
with the growing dependency on the data to answer questions. The fundamental challenge 
is analysing vast amounts of data to produce useful information. The main disciplines 
affected are medical research, physics, biology, and earth sciences. The use of computation 
is spreading into many other research disciplines. Biodiversity monitoring is a growing data 
analysis pursuit due to the amount of data, the difficulties posed in distilling useful scientific 
information from this data, and the need for quantifiable, verified, information.  
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The research in this thesis fits within the analysis and data management stage of data 
intensive research (A. Hey, Tansley, & Tolle, 2009), which involves building scientific 
endeavour from the collection of data via instruments – the fourth paradigm of scientific 
exploration. The essence of this approach is the meeting of scientific methods, subject 
experts, large amounts of data, and technology. Research that depends on large datasets 
requires investment in many areas, in addition to data storage and access. The initial 
consideration is access to both raw data and the results of processing, to ‘ground-truth’ 
analysis. The production systems required to regularly and reliably run analyses require 
substantial infrastructure, including hardware, software, networks, and people. This 
infrastructure, which should support fault-tolerance and on-going development, poses 
funding and resourcing challenges.  
The data used by data-driven research may not necessarily be large in terms of storage size; 
data management can be complicated by computation time, analysis complexity, difficulties 
in displaying and browsing data, as well as methods for random access. The range of issues 
in organising and providing access to datasets can mean that common methods will not work. 
Although much of data-driven research is quantitative, large data sources do offer 
opportunities for qualitative studies. This is particularly the case when the data is of an 
uncommon type, for which there are few well-established methods for browsing, processing, 
or organising the data. Investigation of the approaches used by people who regularly work 
with similar data can aid in developing effective interfaces for these datasets. 
Lists of observations made by people in the field, using sight or sounds, can only be verified 
approximately, are often incomplete, regularly misrepresent the number of species, and 
experience large variations in the effort expended to compile observations (Roberts, Donald, 
& Fisher, 2005). These problems compound to cause useful data to be much harder to 
interpret over larger geographic areas and longer durations. 
A number of areas of research intersect in the study of environmental sound (Towsey, 
Parsons, & Sueur, 2014). Bioacoustics is the study of the generation and reception of sound 
by animals, with a focus on per-species interactions. Soundscape ecology looks at the 
acoustics of landscapes and ecosystems from a much broader perspective. Ecoacoustics, or 
ecological acoustics, is an emerging field that approaches the analysis and interpretation of 
environmental audio as a computation issue, where the proper application of technical 
expertise can yield ecological insights from recorded audio data. 
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2.1.2 Acoustic Sensing 
Audio recording is a suitable means of environmental monitoring because it is 
straightforward to collect sounds in the field, using sensors that are simple and robust. Audio 
files take a reasonable amount of space to store, they can be re-analysed, the monitoring is 
passive, and requires minimal impact on the surrounding natural environment. Audio 
recordings reproduce the auditory environment, offering familiarity for people with 
experience in the field. The ability to validate any analysis or inference using the original 
audio recording is a significant benefit, compared to approaches that do not have an 
objective data source to consult. 
Terrestrial acoustic sensing of human-audible sounds in natural environments, coupled with 
semi-automated analysis, provide ecologists with the capability to scale ecological 
observations, both temporally and spatially (Wimmer, Towsey, Planitz, Roe, & Williamson, 
2010). Marine species such as whales can also be monitored using acoustic sensors (Shamir 
et al., 2014). However, the analysis of large volumes of acoustic sensor data is complex and 
challenging. The amount of data produced by acoustic sensors deployed for long periods 
quickly overwhelms analysis performed by people without the support of computers.  
People can monitor an ecosystem by following procedures for field observations, electronic 
sensors collecting readings, or by some combination of human observation and technological 
aid. Automation of the entire acoustic data collection and analysis process remains a 
significant challenge, due to the variation and complexity of natural environmental sounds. 
It is possible for the sensor devices that collect data in the field to adapt to conditions, which 
might include rudimentary initial analysis to determine the potential of the collected data 
(Cottman-Fields, Truskinger, Wimmer, & Roe, 2011). Another option is participatory data 
analysis, which offers an approach that can utilise both human effort and automated 
techniques to annotate spectrograms (Truskinger et al., 2011).  
The data from acoustic sensors is a direct record of the faunal activity surrounding the sensor. 
The acoustic data is recorded in a raw form, unmodified by human interpretation. Metadata 
such as the location, time, date, and hardware characteristics can give insight to the 
conditions at the time of data collection and can be automatically included. Acoustic sensors 
can be custom made or bought preassembled, with prices based on total storage space and 
running time. For example, the commercial SM2+ acoustic sensors from Wildlife Acoustics 
(Figure 2.1) can record continuously for up to 10 days (or 2 months on an irregular schedule), 
storing up to one terabyte of acoustic data (Wildlife Acoustics, 2015). 
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Figure 2.1 – A Wildlife Acoustics SM2 sensor attached to a tree 
The use of audio as the primary input for research presents some challenges. Researchers 
and citizen scientists are usually more comfortable with interpreting visual information. The 
acoustic environment is often secondary to the visuals surrounding people – sound is a 
significant part of the context of everyday life, yet it is often subconsciously ignored (Berendt, 
1988 quoted in Wrightson (2000)).  
Sounds can be difficult to interpret when the visual cues are missing. People may hear and 
process sounds, or dismiss them, depending on the situation (Duffy, 2010). Recorded audio 
is taken out of the context it originally had, and this may affect the way that audio is 
interpreted. A key human psychoacoustic skill is filtering out ‘sonic residue’ – “the sounds 
that continuously surround us, which we subconsciously filter out” (Paine, 2005, p. 150). This 
selective hearing is necessary to focus on sounds amongst constant background noise, but it 
can mean that people do not analyse or question the sounds that are part of the 
environment. When people lack explicit knowledge of the usual sounds for an area, they may 
ignore changes and give little thought to gaining control over the sounds that surround them 
(Schafer 1986 and 1993, summarised by Paine (2005)). 
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The prospects for acoustic monitoring are favourable. Commercial sensor devices are 
available or custom sensors can be constructed easily for low cost. Acoustic data has proven 
to be an objective proxy of faunal activity that is straightforward to organise and store. 
Acoustic analysis remains a challenge; however, semi-automated approaches harnessing the 
talents of people and power of algorithms show promising results. 
2.1.3 Acoustic Data Analysis 
Annotation of audio has proven to be a more difficult problem than annotation of images or 
text. This is, in part, due to the time required to listen to recorded audio, contrasted to the 
time taken to interpret an image. In addition, automated techniques are not as advanced, 
and building a repository of annotations created by experts is not scalable and very expensive 
(Tingle, Kim, & Turnbull, 2010). There are relatively well-known attributes for images and text 
– for an image the dimensions, colour, composition style, and content; text is composed of 
groups of symbols with a recognisable font or style, which can be further grouped into words, 
sentences, and paragraphs. There are also attributes commonly used to describe sound, such 
as fundamental frequency, amplitude, and pitch. However, these attributes are usually only 
well known to musicians and those that work regularly with sound (Wrightson, 2000). Music 
analysis can identify similar renditions and provide summarised information, but it is not able 
to provide an effective way to analyse a large amount of environmental acoustic data. 
The nature of acoustic data means that common approaches for analysing text or images are 
not as effective or simply cannot be applied (Cugler, Medeiros, & Toledo, 2012). Some 
research groups looking at automated acoustic analysis have been successful in limited areas, 
such as detecting bats (Jennings, Parsons, & Pocock, 2008). Automated human voice 
recognition techniques have been trialled by researchers investigating acoustic sensor data 
analysis. These techniques have met with limited success for avian calls (Sueur, Pavoine, 
Hamerlynck, & Duvail, 2008). Recently, unsupervised methods for classifying acoustic data 
have shown promise (Stowell & Plumbley, 2014). Unsupervised machine learning uses 
techniques that infer information from sample data that are not labelled. 
There is also substantial expertise, time, and training required to construct automated 
recognisers for faunal vocalisations from different geographic regions and seasons. Wimmer 
has shown analysis by novices can take around five times the duration of the audio (Wimmer 
et al., 2012), and around twice the duration for experts (Wimmer, Towsey, Roe, & 
Williamson, 2013). 
Audio recordings from acoustic sensors are often complex, due to: 
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 many, and overlapping or simultaneous, sounds; 
 sounds from many species, such as birds, frogs, and insects; 
 weather noise, such as wind and rain; 
 audible indications of human activity, including engines and speaking; 
 differences in sounds during a day and over seasons; 
 sounds with varying distance between the sound source and sensor; and, 
 the high variability of one call of a single species. 
No matter how skilled a birder or how much time and effort are dedicated to the 
development of a detection or identification system, audio recordings have limitations that 
must be accounted for in designing and implementing a monitoring project. Automated 
detection methods are generally constructed using recordings from narrowly defined target 
locations. Automated systems require extensive annotated datasets for training, detailed 
knowledge of what constitutes a notable event, and the time to develop dedicated analysis 
algorithms. The data from acoustic sensors is limited to the signals captured by the device. 
These two factors can require tailored analysis methods for each distinct geographical 
location.  
The annotation ability of recognised experts in bird vocalisation identification can vary, 
particularly among geographical locations and species. There is a need to provide simple and 
robust methods to construct reference libraries to provide examples of the audio and 
spectrogram images of vocalisation as annotations. This approaches the challenge of 
verifying annotations from a different direction. If birders can help build consistent and 
complete reference libraries, there is a greater likelihood of all annotations being more 
reliable. 
The issues with completely automated or entirely in-the-field monitoring, suggest the need 
for a semi-automated system that emphasises the participation of people in the 
identification of species in acoustic sensor recordings. There are existing work-in-progress 
systems that are capable of automated, semi-automated, and analysis by people. The 
Ecoacoustics Research Group maintains a website that enables annotation of audio by 
people, combined with some automated aids. Producing high-quality annotations can be 
done by employing birders dedicated to the task; however, this can be difficult to expand, 
due to financial restrictions or the time and effort required (Tingle et al., 2010). 
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Some existing systems work with audio with broader content. TagATune is a game where 
participants label sounds, with the purpose of improving the metadata describing each 
sound. Results from TagATune showed that the participants gave meaningful descriptors. 
The length of the audio recordings was a point of interest: if too long, a participant may lose 
interest, but recordings segmented for display may lose context or become incoherent. It is 
unclear what duration is most appropriate for analysis of recorded audio. The system was 
able to complete some of the same tasks that participants were asked to complete, so that 
the researchers could judge “enjoy-ability and difficulty” (E. Law, von Ahn, Dannenberg, & 
Crawford, 2007, p. 4). 
Game creators and players treat sound as a critical part of the experience. Although sound is 
not the central feature of most games, the quality of the audio can be a major part of positive 
or negative reactions to a game. Audio offers a sense of activity that may not be in view – 
this can help create a connection to a setting and give context (Parker & Heerema, 2008). 
Utilising audio as the central feature of a game or activity has a clear time restriction – the 
length of the longest audio recording is the shortest time it will take to play all the audio 
simultaneously. Audio playback that is not simultaneous will increase the time required. 
Some games or interfaces include summaries of audio using a representative segment of the 
sound or textual description. The time required to listen to audio is one of the key 
distinguishing and perhaps disadvantageous attributes of sound. 
Adding additional context and information may help participants to recognise and annotate 
recorded audio (Cugler et al., 2012). Other visual cues may help participants identify target 
calls in recorded audio (Best, Ozmeral, & Shinn-Cunningham, 2007). Shorter segments of 
audio may reduce the time required to complete a task. Segmenting longer audio recordings 
needs to be done carefully to maintain context and not split the elements of interest. 
Visualisation of the audio in the form of a spectrogram may aid participants. Spectrograms 
are time (x-axis), frequency (y-axis), and intensity (z-axis) graphs, usually displayed as an 
image, that help participants to identify acoustic events (Wimmer et al., 2010). Whale FM, a 
citizen science project for matching similar whale songs, made use of spectrograms to 
represent audio. The project presented very short recordings of whale sounds and prompted 
the participants to group similar sounds (Zooniverse & Scientific American, 2011). 
Creating tasks in which audio is the central component may present challenges that stem 
from the way visual stimuli are preferred over sound stimuli. The lack of a location or item 
that can be associated with a sound is one potential problem, as sound in everyday life is 
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often an indicator of activity in a certain location. Listening to audio can distract other people 
or interrupt a workflow. It can be more difficult to make audio playback a personal 
experience than it is to view images or read text.  
2.1.4 Spectrograms 
A visual representation of audio recordings can assist with interpretation and analysis. There 
are two common methods: waveforms and spectrograms (Figure 2.2). Waveforms are a two-
dimensional graph showing changes in amplitude over time. However, amplitude and time 
provide insufficient additional information to interpret an audio recording. A spectrogram 
conveys three key pieces of acoustic information in a visual representation: frequency, 
amplitude, and time. Spectrograms are calculated using the Fast Fourier Transform (FFT), 
making use of a frame window that can be modified to provide greater resolution in the time 
or frequency domains. These parameters can aid in focusing on acoustic events. 
 
Figure 2.2 – A 7-second audio recording loaded in Audacity showing spectrogram top, waveform bottom (audio 
available from https://www.ecosounds.org/listen/244333?start=2460&end=2490) 
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2.1.5 Acoustics-focused Research Groups 
There are a number of research groups around the world investigating environmental 
acoustics, birds and other animals, and environmental monitoring (Towsey, Parsons, et al., 
2014). The Cornell Lab of Ornithology at Cornell University in the United States is a large 
group of researchers and conservationists, who coordinate research and promote the 
importance of birds. The Oregon State University Bioacoustics Group is a smaller research 
centre focused on automated identification. Other researchers in the US include Dr Stuart 
Gage, who studies soundscape ecology as part of broader research into environmental 
sounds at Michigan State University. Dr Brian Pijanowski at Purdue University investigates 
resource management, including acoustic aspects of ecology. 
Prominent researchers in Germany include Dr Karl-Heinz Frommolt, who studies acoustic 
monitoring at the Animal Sound Archive, part of the Museum für Naturkunde. Dr Rolf 
Bardelli’s research is in pattern recognition in audio. Dr Almo Farina in Italy uses acoustic 
indices to assess biodiversity. Dr Jérôme Sueur studies a range of species and their sounds as 
part of research into biodiversity, as well as working on Seewave, an R language package for 
processing sound. Dan Stowell, a research fellow in the UK, is applying machine learning to 
birdsong and environmental sounds. 
The major differentiation for the Ecoacoustics Research Group is aiming to achieve all these 
goals: 
 geographically distributed, long-term continuous environmental recording 
 generic and scalable analysis by people and automated algorithms 
 an integrated, web-based audio recording storage and processing system 
 open source software and international research collaboration 
Other groups that focus on one or two of these goals use mainly short and targeted ‘trophy’ 
recordings, or focus on data collection and analysis, without building an integrated 
management and processing system. 
 Birding 
Birdwatching is the observation of birds in their natural habitat. There is a range of dedication 
and level of knowledge among people who birdwatch. Activities can range from casual 
observation of avian visitors in a backyard, to a substantial investment of time, effort, and 
expense in observing birds locally and internationally. ‘Birders’ are experienced and 
knowledgeable people who have an inherent motivation and interest in birdwatching. 
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Dedicated birdwatching is known as ‘birding’. A key aspect to birding knowledge is the ability 
to cope with a high degree of regional variation in bird vocalisations; birding relies heavily on 
local knowledge (Podos & Warren, 2007). There are 47 million people in the United States 
(20% of the population) (Carver, 2013, p. 4) and over 20 thousand people in Australia (Birdlife 
Australia, 2012c) who regard themselves as regular birders. 
This section explores birding as recreation and serious leisure and characterises the known 
attributes of people who go birding. It also explores birding in local patches, broader birding 
activities, building bird observation and identification expertise, the current use of bird 
guides and recorded audio, and the formal methods of surveying bird populations. Most 
academic literature discussing the pastime of birding is in the context of ecotourism, 
recreation theory, and ecological outcomes. Creating interaction designs for birders to 
annotate bird vocalisations in audio datasets requires background knowledge of the birding 
pastime and the people who are passionately involved.  
2.2.1 Recreation Specialisation and Serious Leisure 
Birding is mainly a voluntary activity. Although it is not work, people who invest large 
amounts of time and effort into this pastime may have a similar spectrum of knowledge and 
dedication to that gained during a professional ecological career. The body of research in this 
area is known as serious leisure or recreation specialisation. Serious leisure research into 
pastimes with high investment is holistic, capturing not just the activity, but also the 
surrounding lifestyle and social practices. Recreation specialisation concentrates on the skill 
and experience built through sustained involvement in a pastime (Scott, 2012). These areas 
of research are valuable in defining and describing the attributes and experiences of people 
who have a substantial investment in birding. Tourists who travel for the main purpose of 
ecology-based activities and experiences are a heavily researched demographic. Recreation 
specialisation and serious leisure are key topics in this area, which focus on environmental 
impact and marketing implications. 
Birding has received special focus, with participants of varying interests and skill sets pursuing 
activities that may be central to their lifestyle. The goals, preferences, and experiences of 
birders and other recreational wildlife activities have been researched over many years 
(Connell, 2009; Lawton, 2002). Lawton noted that ecotourism goals for people of almost any 
age were to experience nature and enjoy the outdoors, while highlighting that older people 
prefer the security and social opportunities arising from guided tours or activities with low 
levels of exertion. Connell explored the conservation of regional and rural areas as part of 
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the activities of birders. The desire of people to observe potentially rare or shy birds, in a 
sustainable way, can be a major source of financial and social support for communities that 
may otherwise struggle. 
There are common elements of birding practice, as shown by prior research into birders 
specifically (McFarlane, 1994; Scott & Lee, 2010), as well as research into birders’ activities 
as part of ecotourism (Kim, Keuning, Robertson, & Kleindorfer, 2010). Specialisation through 
increasing experience can change the motivation for birding. However, McFarlane also 
determined that while the motivations – achievement, appreciation of nature, social 
interaction, and conservation activities – may change in degree, they are consistently present 
among birders. Scott and Lee looked at progression of birding specialisation, finding that skill 
or knowledge does not necessarily progress over time (2010). 
There are questions as to whether ecotourism aids or hinders conservation (Barnes et al., 
2015; Lawton, 2009). This is mainly due to how birders conduct themselves and whether the 
interruption of fragile ecosystems is justified by the economic return. Green et al. 
investigated the role of sustainable living within birding practices and the objectives of 
individual birders in Australia (2010). This tourism-focused review highlighted that birders 
may unintentionally interrupt birds or contribute to ecosystem damage, and that this could 
be addressed through improved education and information. 
2.2.2 Birders 
There are significant numbers of birders, with increasing numbers of regular and dedicated 
birding participants and activities, around the world. Recreation and tourism market research 
has canvassed the demographics of birders. There is a broad range, from people who watch 
birds to pass the time, to birders who invest in birding equipment and long-distance travel to 
observe specific avian species. There are several terms for people who engage in the 
spectrum of birding activities, from a casual and occasional interest, through to a lifestyle 
built around observing and documenting many avian species in the wild. Many researchers 
distinguish between ‘life-list’, ‘specialised’, ‘serious’, and ‘casual’ approaches to birding. 
Birders are the more dedicated and knowledgeable subset of birdwatchers (as indicated in 
the Definitions section). The term ‘twitcher’ usually refers to a birder who is eager or even 
obsessed with adding new birds to a ‘life-list’, but may also refer to a preference to observe 
rare birds. The terms ‘twitcher’ and ‘life-lister’ are often used interchangeably. The key 
components are amount of time and money invested in travel, equipment, and gaining 
knowledge.  
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There are also the differences between birding in familiar areas, such as around a property 
or local park, and preferring to travel for new experiences and sightings. The knowledge of 
avian species tied to particular locations and birding communities can play a part in creating 
people’s identities, social circles, and daily activities in birding communities (Wilkinson, 
Waitt, & Gibbs, 2014). Conservation and birding enthusiasts in Canada (McFarlane, 1994), US 
(Martin, 1997), UK (Curtin & Wilkes, 2005), Australia (Lawton, 2002; Weaver, 2002), and 
Mexico (Ortega-Álvarez et al., 2012) have been grouped in similar ways. 
Much of the research into people who partake in birding is American-based (Curtin & Wilkes, 
2005). Detailed demographics and behaviour of US birders is available from the Birding in the 
United States: A Demographic and Economic Analysis Addendum to the 2011 National Survey 
of Fishing, Hunting, and Wildlife-Associated Recreation (Carver, 2013). This document 
characterises birders through a range of attributes.  
Birders are likely to be older – there is higher participation in the 55+ age group, and lower 
participation in the 16 – 24 age group. Birders are likely to have tertiary education and higher 
than average incomes. A very high percentage of birders are white, with low percentages of 
other ethnicities. Birding around the home is enjoyed by 88% of birders. Around 38% of 
birders travel away from home to observe birds. Some birders are keen on observing birds 
both at home and away from home. Around one-third of the year on average is spent birding, 
with participation in birding more likely in more sparsely populated areas. Approximately 
56% of birders are women. The birds most commonly observed, in descending order, are 
waterfowl, birds of prey, songbirds, and shorebirds. These characteristics of birders also 
loosely hold in other countries around the world. There are some differences in the 
composition of age and gender, in some cases depending on the percentage of tourists 
(Curtin, 2010; Hvenegaard, 2002). 
Australian research has focused on ecotourism and birding, with similar findings in 
demographics and birding activities, in states such as Queensland (Kim et al., 2010), and 
nationally (Jones, Buckley, & Cooperative Research Centre for Sustainable Tourism of 
Australia, 2001; Lawton, 2009). This research has mainly taken place in a defined National 
Park or in well-known tourist areas. Green and Jones (2010) distributed questionnaires across 
Australia to gather demographic information for ecotourism. They found results similar to 
the US regarding age, gender, education, and income characteristics. More than half of the 
responses were from people living in or visiting Queensland.  
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Birding is a relatively new activity in mainland China, with around 20,000 regular birders 
recorded in 2010 (Ma et al., 2013). Chinese birders match other countries, in that they tend 
to be older and wealthier. However, travel to rural areas or places with significant 
conservation value appear to be more important to Chinese birders. 
Birding continues to grow in popularity in the United States (Carver, 2009), the United 
Kingdom (Curtin & Wilkes, 2005), in Canada (McFarlane, 1994), and Australia (Connell, 2009; 
Lawton, 2002; Weaver, 2002), as well as many other places around the world.  
 
Figure 2.3 – Looking for shy birds in a tree at Oxley Creek Common, Brisbane, Australia 
Globally, there is research that explores aspects of birding, including studying birder 
behaviour (Kerlinger, 1993; Prior & Schaffner, 2011), ecotourism, conservation activities 
(Hvenegaard, 2002), and personal leisure activities and changes over time (C. Cooper & 
Smith, 2010; Wiggins, 2011). This research generally shows that there are many reasons 
people observe birds, and there tend to be links between enjoying nature and active 
participation in conservation, such as use of community parks and green space (Figure 2.3). 
However, birders can be detrimental to birds, due to interruptions to migrations, causing 
birds to be unsettled and regularly take flight, or damage to fragile habitats. The tourism and 
conservation positives need to be balanced against the potential for impacts on bird life. 
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2.2.3 Bird Walks and Local Patches 
A bird walk is an immersion into the sights, sounds, smells, surrounds, and weather of an 
area. Walks usually last an hour or more, and can cover a large distance depending on the 
goals of the participants. Locations chosen for bird walks usually have a variety and range of 
sizes of trees and other plants. Knowledge and experience of flora and fauna form the basis 
of seeking and identification strategies for species: the vegetation can indicate the likely 
birds. The practical components for a bird walk are transport, binoculars, and an enthusiastic 
individual or group of people. A camera or way to record observations is also common. It 
takes time to learn auditory and visual identification. Good equipment can be expensive, 
although it is often necessary for identifying birds given the limited time birders have 
available to hunt for specific birds. 
Bird walks may be undertaken in groups, or more commonly, individually. Birders are often 
social and conversational when in groups, with participants sharing knowledge, debating bird 
identifications, and talking about previous or future birding activities. This interaction is an 
enjoyable part of the pastime for many participants. The motivation to continue is often a 
desire to repeat enjoyable experiences, and for those that bird in a group, socialise with 
colleagues (Sloane, 2011).  
Birders may want to make a difference in the community through their interest in birds. 
Birding can form part of conservation, revegetation activities, and monitoring bird or other 
fauna populations (Shanahan, Miller, Possingham, & Fuller, 2011). Birder contributions may 
include adding their observations to resources such as eBird (http://ebird.org/). There is a 
substantial history of birder contributions to the scientific study of birds (Greenwood, 2007). 
Contributions continue, including in the form of citizen science, due to the need to identify 
local experts with specific ecological knowledge (Davis & Wagner, 2003). 
There are several popular books describing the birding practices of public figures, 
enthusiasts, and well-known ornithologists, mainly from the United States and United 
Kingdom. For example, Birding with Bill Oddie: A practical Guide to birdwatching (Oddie & 
Moss, 1997) details the birding practices and techniques of dedicated birder and writer, Bill 
Oddie. Another book, ‘A bird in the bush: a social history of birdwatching’ (Moss, 2013), 
documents the history of birding and the social aspect of bird walks, from the perspective of 
another well-known birder. 
A bird walk always has a social aspect in addition to the primary goal of detecting and 
identifying birds (Prior & Schaffner, 2011). Techniques for observing birds can differ between 
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participants; observation practices and equipment are key topics of conversation and 
knowledge sharing. The recreation and companionship aspects of birding may be the priority 
for some birders. Birders’ reasons for engaging in birding may change over time. Initially, 
participants may go birding to experience a new leisure activity, strengthen personal 
relationships, or learn something new for personal achievement. Continued participation in 
outdoor birding may increase the appreciation or interest in birding or the environment 
(McFarlane, 1994). 
2.2.4 Observation and Identification 
Expertise gained through dedication to regular birding activities is the usual basis of a birder’s 
identification and verification ability. Levels of skill vary even among birders with similar 
levels of experience. Species identification methods also vary, although all use a combination 
of anatomical indicators and habitat characteristics, such as a bird’s colour, markings, body 
shape and size, vocalisations, the surrounding flora, a bird’s location in undergrowth or at 
the top of a tree, and movement patterns (Figure 2.4 and 2.5). This combination is the 
‘character’ or ‘qualities’ of a bird, which can enable a birder to quickly narrow the potential 
family and species. This ‘general impression of size and shape’ (GISS or ‘jizz’), while a common 
approach to bird identification, is difficult to define and describe, aside from being the 
application of knowledge and experience gained over time (Day & Simpson, 2010). 
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Figure 2.4 - Observing a Golden Whistler (Pachycephala pectoralis) through tree branches at Oxley Creek, 
Brisbane, Australia 
 
Figure 2.5 – A clear photo of a Golden Whistler (Pachycephala pectoralis) (Dave Curtis on Flickr, CC: BY-NC-ND) 
Observations from participants in the North American Breeding Bird Survey have been 
analysed by a range of people since the survey began. According to Sauer et al. (1994), birders 
have distinct strategies for counting birds, and even small differences in location and 
experience can affect identifications and counts. Faanes and Bystrak (1981) highlight hearing 
ability and skill level as having the most potential for observation bias. They also note that 
sound forms a large part of detection, but not necessarily identification (p 358): 
“…depending on habitat, as high as 95% of the individual birds recorded on the Breeding 
Bird Survey routes are detected by hearing.” 
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Donnelly (1994) discusses trust as a critical factor during bird walks and in birding 
communities, as each person is dependant not only their own knowledge and skills, but also 
on other people’s knowledge and skills. Bird observations reflect this, as there is often 
incomplete information, and uncertainty regarding a vocalisation or specific avian behaviour. 
The social assumptions and interactions between birders can take the place of objective 
measurements. Due to this, a participant’s status, previous sightings, and involvement in the 
community are factors in determining the level of trust. 
People who are regular birders may keep lists of birds they have seen as a personal record of 
their cumulative experience. Birders may derive intrinsic satisfaction from building a personal 
portfolio of sightings. These portfolios, in the form of lists and diaries, serve to remind them 
of enjoyable experiences and achievements. The lists are part of a socially organised practice, 
whether they are shared between birders or serve to document personal experience and 
achievements (J. Law & Lynch, 1988). eBird is a site that provides birders with tools to collect 
and display information about bird sightings. Birders may be willing to modify how they 
record information, if they judge the benefit to outweigh the change in procedure (Wiggins, 
2011). The quality of these volunteer observations is unknown at first. An important aspect 
of utilising citizen science data is evaluating the quality. eBird, for example, explored observer 
variability and change in species identified over time using species accumulation curves, 
which “describe how the total number of species reported increase with increasing time 
spent in collecting observations” (Kelling et al., 2015). 
Bird field guides are popular with birders around the world. Bird guides tend to cover specific 
geographic regions and continents. The primary function of a bird guide is to describe the 
physical and behavioural characteristics of species, as well as outline habitat and distribution 
ranges. Birders use books, such as Simpson & Day’s Field Guide to the Birds of Australia, to 
identify birds they are uncertain about, as well as to differentiate between similar birds. More 
recent bird guides sometimes include CDs or access to websites, which provide audio 
recordings and/or videos of avian calls and behaviour. Some recent smartphone applications 
support bird identifications. For example, Morcombe’s Field Guide to Australian Birds, and 
the Merlin Bird ID from Cornell Lab of Ornithology, which assists with identifying birds in the 
United States. The Merlin Bird ID application narrows candidates for an unknown bird 
through prompting answers to questions about a range of attributes, such as shape, colour, 
calls, and behaviour. 
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Bird guides are a common piece of equipment in birding, particularly when travelling or 
resolving disputes over rare or unusual observations. Books approach birding from the 
perspective of the birder, the bird, or the birdcalls. For example, The Sound Approach to 
Birding (Constantine, 2006) discusses the benefits of including audio recording as a regular 
activity during birding. The book uses annotated spectrograms to describe and elaborate on 
how birders use a range of characteristics to identify birds. It also highlights the advantages 
of audio recordings, particularly as an objective record to evaluate the accuracy of previous 
observations. 
Mobile applications that attempt to identify birds from their calls are available. The goal is to 
make a short recording out in the field, and the application attempts to identify the species 
using machine learning methods. This is like music identification applications such as Shazam, 
Sound Hound, and those built into more recent Android and iPhone devices. Music 
identification is based on acoustic fingerprinting, which creates a hash using beat detection 
and fundamental frequency analysis. Alternate approaches are necessary for birdcalls: 
machine-learning methods such as unsupervised feature learning and Hidden Markov 
Models are used. The most recent attempts at automated birdcall recognition include Ian 
Agranat’s work with Song Meter devices, and the upcoming smartphone applications Warblr 
by Dan Stowell and Florence Wilkinson (Stowell & Plumbley, 2014), Bird Genie by Princeton 
University Press, and Bird Song Id USA by Mullen and Pohland GbR. The Chirpomatic 
smartphone application by iSpiny aims to both identify birdcalls and help people learn the 
calls. These applications usually restrict their spatial and temporal reach to common birds in 
parts of the UK or USA; however, even with these restrictions, clear recordings are necessary 
for the recognition to be accurate. While these applications can be useful in learning about 
birdcalls and identifying birds, birders with extensive experience are irreplaceable for 
assessing bird observation lists and bird call identifications. 
2.2.5 Bird Surveys and Counts 
Local councils, state and federal governments, and community organisations regularly 
conduct formal surveys of birds. Formal surveys differ from incidental and personal 
observation lists, such as those submitted to eBird. The purpose is usually to estimate the 
richness or abundance of avian species. There are two key aspects to formal surveys or bird 
counts that ensure the data collected is reasonably accurate and comparable. First, people 
with approximately similar skills complete the survey independently. Second, the use of 
specific restrictions and protocols for observation and recording, including geographic 
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boundaries, record forms, and records of vegetation, enable replication and comparisons 
over time.  
The survey guidelines for Australia's threatened birds (Commonwealth of Australia, 2010) 
focus on establishing the presence or absence of a species. The guidelines include 
consideration of spatial and temporal sampling methods to optimise detection and enable 
replication. A variety of detection methods are outlined, including transect, area and point 
surveys, trapping, aerial surveys and sniffer dogs. The results from surveys are used to 
evaluate the impact on bird species from agriculture, mining, infrastructure, and residential 
development. 
Birdlife Australia encourages enthusiastic birders with substantial identification skills to 
conduct formal surveys in addition to personal observations (Birdlife Australia, 2014). Birders 
can use one of four methods to conduct surveys: for 20 minutes within a two-hectare area, 
along a fixed route, in an area defined from a central point, or through incidental observation 
of rare, migratory, or wetland birds. BirdLife Australia provides the Atlas Record Form 
(sections shown in Figure 2.6 and Figure 2.7), a machine-readable two-page form containing 
all likely-to-be-seen bird species. Avian species are organised into categories with the option 
to indicate presence and/or breeding activity. 
 
Figure 2.6 – Atlas Record Form time data, position, and type of search 
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Figure 2.7 – Atlas record Form partial list of avian species 
 Crowd Sourcing, Human Computation, and Citizen Science 
Crowdsourcing is a way to procure services or content from a large, loosely defined, public 
group, as an alternate or augmentation to more traditional means. This method has been 
incorporated in various forms as part of community-based participatory research in many 
projects (Howe, 2006), and has shown that the community can aid in, profoundly augment, 
and contribute to scientific work (Dickinson, Zuckerberg, & Bonter, 2010). Crowdsourcing 
contributions to scientific inquiry involves enabling a portion of the public, who have the 
necessary skills or interests, to perform large-scale scientific analyses, which traditionally are 
hard to do effectively via automated or algorithmic analysis (Wiggins & Crowston, 2011). 
Crowdsourcing may aim to add one or more of speed, quality, or legitimacy to a system or 
problem (Erickson, 2011). The temporal and spatial dimensions of crowdsourcing systems 
influence the overall focus of the project. There are several resources for constructing 
crowdsourced activities. For example, Amazon’s Mechanical Turk (https://www.mturk.com) 
provides a platform for researchers to list Human Intelligence Tasks, which people can 
complete for a small payment (Kittur, Chi, & Suh, 2008). 
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Citizen science is an approach to research involving scientists collaborating with volunteers 
for data collection, data validation, or data analysis, aiming to address scientific questions. 
This can include contributing data or analysis effort, as well as applying the results of research 
to community activities or government policy. One of the major features of citizen science 
that distinguishes it from other projects is the attention to scientifically sound practices 
(Reed, Rodriguez, & Rickhoff, 2012). The participants in a citizen science project are most 
often people with an existing interest in the topic, so even though anyone can participate, 
there is an element of self-selection. The citizen scientist participants in a project may range 
from a few local people up to worldwide networks, with varying degrees of dedication and 
skill. There are many possible structures and goals for a citizen science project, with 
accompanying levels of collaboration with scientists, responsibility, and dependence on the 
citizens involved (Haklay, 2013). A citizen science approach for analysing bird vocalisations is 
appealing, given the popularity of birding (Truskinger et al., 2011). 
Online science projects are often globally available, where activities occur at different places 
and different times. Current endeavours to enlist the aid of volunteers from the public 
regularly and prominently display the scientific purpose and goal. Citizen science is usually 
based on the premise that participants’ knowledge of research methodology is not relevant, 
although some projects recruit participants with prior relevant knowledge. Brossard (2005) 
found that although knowledge may increase through participation in scientific work, it does 
not necessarily mean participants’ appreciation of or attitudes towards the scientific method 
will change. There are platforms specifically for web-based citizen science projects, such as 
the Zooniverse Project Builder (https://www.zooniverse.org/lab) (Zooniverse & Scientific 
American, 2015). Although citizen science projects usually include means for participants to 
interact, it may be more difficult for newcomers to directly observe or learn from 
experienced participants, due to the nature of the work (Mugar, Østerlund, Jackson, & 
Crowston, 2015). 
One aspect of this approach is the transparent conduct and results of research, which may 
encourage participants to be more receptive to potential impacts from the research (Alan, 
2001). Citizen science projects started and maintained by a small group of researchers as part 
of their current research direction can be fragile. If the research direction changes or 
researchers change jobs, the citizen science project can languish. This is a problem of 
sustainability from the organisational side of a project, where a small group of researchers 
and students are the only driving force. The stability of a project can pose problems of 
recruitment, on-going interaction with a community of participants, and continuing data 
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management. A focus on highly motivated or heavy contributors is the most common 
direction taken, which can cause casual participants to be neglected in project design 
considerations (Eveleigh, Jennett, Blandford, Brohan, & Cox, 2014). It is not clear how this 
might apply to a small group of recruited participants, who are also experts and heavily 
involved in other, similar projects. 
There are common elements and challenges within citizen science, crowdsourcing, and 
human computation projects. These include recruiting participants, designing engaging 
activities, and selecting and validating datasets. This section characterises these challenges 
and explores some on-going citizen science and sound-based projects. 
2.3.1 Participant Motivation and Recruitment 
It is a challenging proposition to enable a crowd of strangers to accomplish tasks for which 
they may have limited background knowledge and potentially low intrinsic motivation. 
Rotman (2014) examined what motivated both scientists and participants to contribute to 
data collection and analysis projects, finding that while scientists often want to further 
science and their own careers, volunteers participate out of interest, curiosity, a commitment 
to conservation and educational efforts. Citizen science projects can be seen as collections 
of functionality that are loosely joined (Prestopnik & Crowston, 2012a). This perspective of 
system assemblages can be used to interrogate methods of communication and activities 
supported by a project. From this view, Prestopnik found that the intrinsic satisfaction of 
contributing, along with the activity itself, was often more important than external 
motivators.  
Volunteer effort is the usual mode of involvement by members of the public. The incentive 
of monetary reward is not usually a sustainable option for many organisations coordinating 
participant recruitment. There are also issues around exactly what a monetary reward 
incentivises. Mason and Watts (2010) show that the specification of a reward system can 
make a difference and result in better or worse outcomes, even with rewards of assumed 
equivalent value. Approaches to engaging and recruiting people that do not involve direct 
monetary rewards can instead present incentives, such as improved social media status or 
elements used in video games. This ‘gamification’ of traditionally neutral methods of 
communication and interaction can be done using competitive achievements, badges, and 
point systems (Deterding, Dixon, & Khaled, 2011). Citizen science can involve multiple 
participants competing for rewards, status, or a limited number of desirable outcomes. The 
opportunity for learning and training can also be an attraction, for example in the Bird Song 
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Hero (Cornell Lab of Ornithology, 2014) online game, which encourages people to match 
sounds with the corresponding spectrogram as a way to learn birdcalls. 
The work by von Ahn and Dabbish (2004) on a game that produces labelled images, shows 
the potential for games to be not only entertaining, but also generate practical and useful 
output. These “games with a purpose” (von Ahn & Dabbish, 2008) combine a number of 
academic fields looking to harness the human desire to be entertained. This is done by 
creating games where players are involved in verifying input and output, either 
synchronously or in their own time. The system supporting this crowdsourcing requires a 
significant amount of design and implementation, and affects the engagement of participants 
to a large degree (Team eBird, 2011). There also needs to be consideration of how the details 
of the system affect a participant’s involvement and actions within one task, and over the 
duration of the game (Jain & Parkes, 2009). 
A specialised implementation of crowdsourcing is human computation, which involves 
assigning the computation of a task to a person, where the task is part of a larger 
computation performed by a machine. As Das and Vukovic (2011) note in their survey of 
human computation models, although there are some common components in human 
computation – computational goal, process, evaluation, participants, and incentives – the 
capabilities and diversity of the people involved present both computational benefits and 
difficulties. Diversity of participants can give varied perspectives, but also cause friction due 
to conflicting beliefs, backgrounds, expectations, and preferred workflow. 
Companies such as InnoCentive, YourEncore and NineSigma have seized a business 
opportunity in recruiting people with certain skills for specific crowdsourcing and human 
computation projects. These commercial ventures act as ‘open innovation intermediaries,’ 
providing a way to link people looking to be rewarded for their skills, and companies looking 
to broaden their talent pool. This is more like outsourcing than crowdsourcing, as the 
recruitment process and skill requirements of participants are framed in similar ways to 
hiring an employee. 
There is ongoing research in ‘collective intelligence systems’ – systems that enable many 
people to perform small, individual tasks. There are four key questions to answer for 
collective intelligence systems (Malone, Laubacher, & Dellarocas, 2009):  
 who is performing the task: the people, algorithms, and systems involved in 
processing; 
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 why are they performing it: the reason people are involved; 
 what are they aiming for: the overall goal of the project and the goals of the 
individual people and processing; and, 
 how is it being done: the activities people are performing and the processing 
undertaken by algorithms 
Computation tasks may be completed in a parallel or iterative fashion (Little, Chilton, 
Goldman, & Miller, 2010). Tasks completed simultaneously should not disturb other tasks, 
while the iterative approach makes use of completed tasks in a serial manner to inform future 
tasks in some way. Little et al. reasoned that there might be a trade-off between increasing 
the average response quality and getting the best answers. This is relevant to verifying 
acoustic annotations, as information about previous responses, such as species 
identification, could be included in the information provided to participants, which may 
influence subsequent responses. 
Citizen science projects can be evaluated and differentiated through a range of dimensions. 
These include the motivations for participation, the primary goal of the project, the form of 
data accumulated or generated by the project, and the methodology of the project. Quinn 
and Bederson (2011) summarise and explore six dimensions of crowdsourcing and human 
computation. The dimensions expose the factors that contribute to the data, work, and 
evaluation that together power the project: Motivation, Quality Control, Aggregation, 
Human Skill, Process Order, and Task-Request Cardinality. The process order is the 
arrangement of the three roles in a human computation system: requester, worker, and 
computer. Task-request cardinality describes the number of people working to produce a 
result, compared to the number of results required. 
The challenges faced by crowdsourcing and human computation systems, according to Doan, 
Ramakrishnan, and Halevy (2011), are to  
 recruit and retain users through incentives, by providing services, giving feedback, or 
encouraging personal investment in the system;  
 determine the contributions users can make, ensuring there is a spectrum of time 
and effort commitment available, properly distributing tasks, and providing effective 
interfaces to the tasks;  
 combine contributions and resolve conflicting contributions; and,  
 evaluate users and contributions to increase the likelihood of useful contributions. 
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Crowd sourcing can make use of competition and collaboration, which is the central theme 
of labelling games. These games present an image to two or more participants, possibly 
simultaneously, and ask each participant to suggest labels that other participants might use 
to describe the image. Von Ahn et al. suggest framing the question in terms of what other 
people might use to elicit general rather than specific labels (von Ahn & Dabbish, 2004). 
Depending on the topic, tasks and framing of the research project, the scientific goals may 
be secondary to the enjoyment of the volunteers, or it may play a key role.  
Virtual citizen science projects depend on Internet-based communications and data 
management. They are still relatively young, and there are few evidence-based design or 
management guidelines. Usability features applied to virtual citizen science projects have 
found some success (Reed et al., 2012). Reed proposed mappings for designing and 
evaluating capability for citizen scientists to participate, the science content, ease of use, 
emotions evoked by the challenges and story, community building, and personalisation. 
2.3.2 Data Selection and Validation 
A citizen science project needs to consider the data that will be available, the activities that 
will be undertaken by participants, and the purpose and validity of the results produced by 
the project. Most projects that make use of human computation or citizen science do not 
require highly specific skills. The work to be completed by participants depends on the 
available input data and desired output data. Selecting and presenting data to participants in 
meaningful and understandable ways can be a challenge. The project also needs some 
mechanism for checking the quality of the output to ensure the project contributes useful 
scientific results. 
A common challenge for crowd-sourced data collections is to validate the quality of 
contributed data or observations, particularly the need to determine if outliers or unusual 
data are valid (Jun, Kelling, Gerbracht, & Wong, 2012). For many systems, the interesting and 
desirable information often lies within the uncommon data. The protocol for describing 
observations by participants is an important factor in measuring data quality (Munson et al., 
2010). Munson et al. also infer that the more unstructured the protocol, the higher the 
volume of data required to ensure a useful level of quality. 
Human computation activities can be quality checked using social verification mechanisms 
(Ho & Chen, 2009). This usually involves some form of sharing of responses between 
participants. The checks can be simultaneous, which may result in more strictly validated 
data, or sequential, which may promote more imaginative responses (Ho, Chang, & Hsu, 
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2007). Trust metrics can be used to weight the contributions of participants according to the 
quality of their contributions, as measured by comparisons to other contributions or inferred 
attributes of participants (Hunter, Alabri, & van Ingen, 2013). Das and Vukovic (2011) review 
approaches to repeated completions of the same task, along with methods for checking the 
validity of user-created content. The balance of users contributing content and reviewing 
content influences the likelihood that optimal decisions will be reached. The motivations for 
participation may also change the effectiveness of verification methods.  
The majority of data validation approaches do not deal well with incomplete or biased data, 
according to Wiggins, Newman, Stevenson, and Crowston (2011). They also found that 
verification methods are strongly related to the topic of research, and that (p19): 
“…regardless of selected data quality assurance mechanisms, citizen science projects must 
ensure that they adequately document these choices and convey the mechanisms employed 
along with the data they disseminate. This is necessary not only for adequately satisfying 
the expectations of peer review processes for publication, but also for data re-use.” 
Data selection and validation are a non-trivial challenge for any project that obtains data 
from a diverse group of participants or organisations. The initial scope of data collection and 
the way the project articulates this, in instructions or other documentation, is crucial for 
fulfilling the goals of the project. Project data validation practices, such as repeated 
verification or review by experts, needs to be consistent with the collection procedures. 
2.3.3 Project Platforms and Categories 
The Australian Government Office of the Chief Scientist highlighted citizen science in a July 
2015 paper that canvassed the projects and scientific benefits of citizen science in Australia 
(Pecl, Gillies, Sbrocchi, & Roetman, 2015, p. 1): 
“Citizen Science brings scientists and the wider community together to work on important 
scientific projects. It has played a central and celebrated role in the advancement of global 
knowledge. […] These diverse projects produce a large number of observational records that 
would be unachievable by a single scientist.” 
There are some existing citizen science applications and systems. Although they cover a range 
of purposes and subjects, the projects all involve people, usually volunteers, doing work that 
would be difficult to complete using entirely automated methods. There are citizen science 
projects that aim to identify native and introduced flora and fauna, look for objects in space, 
monitor the climate, and even launch new citizen science projects. This indicates the extent 
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of interest and effort volunteers direct towards observing and recording all aspects of their 
lives and surroundings. 
Citizen science projects can be divided into two loose categories: data collection and data 
annotation. The participation of volunteer citizen scientists can involve activities completed 
on a publicly available medium, such as a website, and/or gathering data from their 
surroundings using sensing devices or participants’ own senses. The distinction of data 
collection projects from data annotation projects has blurred recently, as citizen science 
projects incorporate both collection and analysis. Research that embraces and engages 
community participation can create scientifically useful contributions (Dickinson et al., 2010). 
Clearly communicating the purpose of the project, how to participate, the benefits of 
participation, and the expected outcomes is important. 
Data collection projects aim to build lists of observations. These projects tend to be primarily 
interested in participants gathering data. They are dependent on volunteers to collect and 
submit data, usually using a protocol developed by the project. This data is often hard to 
validate and may contain bias due to the geographical location of volunteers, or their 
interests.  
Data annotation projects present existing data sets for analysis by citizen scientists. 
Annotation can take the form of classification, or the addition of explanatory information. 
Participants are presented data in a way that enables some form of analysis. There is usually 
more possibility for validation and controlling bias in data annotation projects, as the 
collection and presentation of data is under tighter control of the project managers. 
The Zooniverse (Borne & Team, 2011) is a website and platform that hosts a number of 
projects that focus on various aspects of the natural world. It includes projects that 
investigate photos of space, climate records, historical data such as handwritten climate 
records, flora and fauna, and measurements of fundamental physical properties. Scistarter 
provides a platform for crowdsourcing participants for citizen science projects (2011). 
Commercial applications that provide generic automated analysis are also available. 
ARBIMON (Aide et al., 2013) is a web application by Sieve Analytics that provides a 
commercial service selling acoustic sensors and an online analysis application. This can be of 
use when a project can easily collect data or has existing data, the necessary funds are 
available, and automated analysis by researchers holds more potential than analysis by 
volunteers. 
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 Citizen Science Projects 
This section outlines existing crowdsourcing and citizen science projects that influenced this 
research. There are many citizen science projects for collecting and managing observations 
and evidence of flora and fauna. To introduce the scope of the projects that target fauna, 
particularly highlighting the emphasis on monitoring avian species, here are some prominent 
examples from Australia and around the world:  
 RabbitScan (http://www.feralscan.org.au/rabbitscan/), one sub-project of the 
FeralScan project, is a targeted effort to document the effects of introduced pests in 
Australia, with an emphasis on volunteer contributions due to the scale of the 
distances and invasive species populations involved (2012). 
 The Frog Atlas (Zoos South Australia, 2009) is a repository for detailed amphibian 
observations and conservation projects.  
 The Conservation Council of Western Australia runs citizen science projects focusing 
on water health and crop issues (http://ccwa.org.au/programs/citizen-science) 
(2012). 
 The Southern Cassowary Recovery Team (http://cassowaryrecoveryteam.org/) co-
ordinate the Cassowary management plan and document sightings from the public 
(2012) 
 The Queensland Wader Study Group (http://waders.org.au/) is a collection of 
interested and knowledgeable birders who monitor and help to conserve migrant 
wading birds (2010). 
 The Moggill Creek Catchment Group (http://www.moggillcreek.org/) is a volunteer 
community group working to conserve and improve Moggill Creek and catchment 
west of Brisbane (2012). 
 The Aussie Backyard Bird Count (http://aussiebirdcount.org.au/) is run by BirdLife 
Australia. It aims to improve bird distribution counts by encouraging anyone with an 
interest to download a mobile app and count birds in a local place during a week in 
October each year (2016). 
 The Cornell Lab of Ornithology (2012) runs a number of citizen science programs, for 
example NestWatch (http://nestwatch.org/), a monitoring project that involves 
volunteers helping to track nests, eggs, and hatchlings (2015). The Lab obtains a 
range of observation records, and uses bioacoustics to monitor birds and other 
terrestrial and marine life.  
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 A sound idea (http://www.disjunctnaturalists.com/sound/) is a project monitoring 
birds in Tasmania since 2008 in an effort to increase knowledge of distribution and 
count trends (BirdLife Tasmania, 2014). 
This work is related to previous studies into citizen science, birding culture and practices, and 
acoustic monitoring. In a similar area of research, Ortega-Álvarez et al. (2012) explored the 
integration of acoustic monitoring devices with local avian observation activities in southern 
Mexico. They emphasised the conservation potential and benefits for birders, of contributing 
to scientific research. Their research was an early foray into monitoring using acoustic 
sensors and restricted faunal targets compared to earlier research. Online citizen science is 
a more mature field, with plenty of examples of successful research, particularly from the 
Zooniverse project (Borne & Team, 2011). Wiggins is active in the area of data collection as 
part of birding, with a focus on how birding solely for leisure can shift to incorporate science 
(Wiggins, 2011) as well as the effects of technology and resource constraints (Wiggins, 2013). 
The obvious example of citizen science data collection by birders is the online cataloguing 
and verification platform eBird (Kelling et al., 2012).  
There is rising interest in areas of knowledge related to acoustic monitoring, particularly 
conservation and computational processing approaches to analysis of acoustic monitoring 
data. For example, Stowell and Plumbley (2014) recently documented an improved 
automated process for classification of large amounts of acoustic data. Lejano et al. (2013) 
explored the conflicting approaches to communicating environmental information and 
climate change research. 
The following subsections highlight projects that incorporate audio recordings, web-based 
analysis tools, activities requiring prior expertise, or birding experience. These projects 
include the Zooniverse projects: Galaxy Zoo and WhaleFm; Xeno-canto and eBird; projects 
with unusual mechanics: TagATune, Foldit, and CAPTCHAs; and Atlas of Living Australia as a 
repository of taxonomic information collected by researchers and citizen scientists.  
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2.4.1 Galaxy Zoo 
Galaxy Zoo (Clery, 2011; Galaxy Zoo, 2010) (http://www.galaxyzoo.org/) presents cropped 
segments of images from space telescopes, for volunteers to classify the shapes of galaxies 
(Figure 2.8). This aids researchers in determining the range of galaxies that exist, and gives 
more information about the images from telescopes. People are engaged through wanting 
to see images of galaxies, help scientific research, or they might be bored and see the task as 
time wasting and perhaps interesting. Participants follow a routine for each image, involving 
selecting the response to questions using the purpose-built website. The small number of 
unique galaxy shapes defines the available classes. 
  
Figure 2.8 – Classify page of Galaxy Zoo 
Researchers use this method because people are better generally at pattern matching than 
automated processes. There is a large pool of potential participants, as no prior knowledge 
is required; however, prior knowledge can be helpful to pick up unusual images. Verification 
is achieved via repeated classifications for each image. Each item may also be discussed 
individually; discussions are started and continued for many reasons – something odd in the 
image, nothing in the image, asking a question about the image. The images are processed 
automatically, and then presented to people to classify. Researchers document and discover 
galaxies through the output from the project. There are a growing number of space-related 
citizen science projects around Galaxy Zoo, including projects using volunteers to find items 
of interest on the Moon, Sun, and Mars, as well as classifying stars in distant galaxies. 
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2.4.2 WhaleFm 
WhaleFm (Sayigh, Quick, Hastie, & Tyack, 2013; Shamir et al., 2014; Zooniverse & Scientific 
American, 2011) (http://whale.fm/) enabled volunteers to classify recorded whale sounds, in 
order to promote research into whales and the vocalisations they make (Figure 2.9). It was 
discontinued in March 2015. The website presented short segments of audio along with the 
spectrogram, and asked the user to assign a single recording to a group with common 
acoustic elements. This was one of the early web-based citizen science projects to attempt 
classification of recorded audio collected as part of regular research activities. This project 
made use of participants’ pattern matching skills, and did not require any prior knowledge. 
The project provided access to marine sounds that are difficult to access otherwise, as well 
as a way for the public to contribute to scientific conservation activities. 
 
Figure 2.9 – WhaleFm interface 
The ranges of classes were significant: even very similar whale calls could differ in subtle yet 
important ways. Each classification involved aggregating a number of pre-processed 
recordings into groups of recordings that contained similar sounds. Location, date, and whale 
tag information were included in the activity.  
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2.4.3 TagATune 
TagATune (E. Law et al., 2007) was a ‘game with a purpose’, where two people synchronously 
labelled short clips of sound with descriptive phrases (Figure 2.10). The purpose was to label 
audio by means of two people giving the same descriptive phrase, indicating agreement. It 
was a co-operative game where the goal was to be able to imaginatively, yet concisely and 
predictably, describe a recording. The researchers running the project made use of the labels 
in classifying the recordings and enabling the recordings to be queried using text. The game 
is no longer running. 
 
Figure 2.10 – TagATune sound description interface 
This project was different from other citizen science platforms due to the promotion of the 
platform as a game rather than strictly a scientific endeavour. It was similar to games such as 
charades, hangman, and ‘I spy’. The motivation to participate was for the fun and experience 
of playing a game with other people. No special skills were required, however cultural and 
language backgrounds could have a large impact on the results of the games. The 
folksonomic categorisation provided informal and subjective labels for the sounds. The game 
used redundancy and checking by other participants to verify labels. The process involved 
workers playing the game and applying labels. A request for sounds matching a search query 
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was fulfilled by a computer matching labels directly and indirectly after normalising the 
descriptions. 
2.4.4 Foldit 
In the Foldit computer game, players are tasked with ‘folding’ proteins to find a configuration 
that meets a number of criteria (S. Cooper et al., 2010). People can use intuition as to the 
most effective shapes, as well as ignoring incorrect possibilities. These shapes faithfully 
represent the criteria to determine how the protein is folded in reality (Khatib, DiMaio, et al., 
2011). In this case, the scientific goals are up front and key to the engagement and enjoyment 
of the players. Participants may not have any prior knowledge of proteins; however, this does 
not matter if the goal of the game is clear. Participants can share their best results with other 
participants, forming groups to achieve the highest scoring folds (Figure 2.11). 
 
Figure 2.11 – Foldit interface (By Animation Research Labs, University of Washington CC BY-SA 3.0 de) 
The data source for Foldit undergoes significant processing to reach a level of abstraction 
that is understandable and interesting to citizen scientists. The scientists managing the game 
are able to verify scores from folded proteins. Although people form only a small part of the 
overall workflow, they can improve significantly on automated folding. The project makes 
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use of game skills and spatial reasoning abilities, so many people can participate without 
understanding the science underlying protein folding. 
2.4.5 CAPTCHAs 
A CAPTCHA (Completely Automated Public Turing test to tell Computers and Humans Apart) 
is a challenge-response test that can give a reasonable certainty that a user is human. The 
purpose is to protect against automated use of a system by posing a problem that is 
traditionally hard to solve through automated means, but easy for people to solve (von Ahn, 
Maurer, McMillen, Abraham, & Blum, 2008). This tool has been used for digitising text, and 
has seen quite high accuracy rates (Kabay, 2008). The test involves pattern matching:  
contorted words or symbols are presented as an image (Figure 2.12 – a public domain image), 
and the correct response must be entered to continue. 
 
Figure 2.12 - reCAPTCHA example text (top) and CAPTCHA puzzle (bottom) 
CAPTCHAs are useful as a method for digitisation and verification of resources that are 
traditionally difficult to digitise automatically. An implementation may contain two 
challenges – one for which the solution is certain, and another which may be uncertain. The 
assumption is that a person who responds correctly to the challenge with a known answer 
will also answer the other challenge correctly. They have mostly been used in websites, 
particularly as part of registration forms, to deter automated use. The only skill required is 
an inherent human ability for pattern recognition of an infinite number of words, symbols, 
or pictures. People complete the task to be able to access the website or resource the 
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CAPTCHA protects. There is no interaction between users, and there are many users working 
to produce many individual results. 
2.4.6 Atlas of Living Australia 
The Atlas of Living Australia (ALA) (2012) is a collection of repositories and communication 
points for scientific and volunteer observations of Australian biodiversity, as well as a hub of 
data analysis efforts. The ALA provides structured access to occurrence records, images, 
sounds, geographic, and molecular information for Australian species (Figure 2.13). Its main 
goal is to enable people to contribute and access public knowledge. There are tools for citizen 
science, scientific research, application programming interface (API) access, and dataset 
integration. 
There several prominent projects supported by the ALA. One major focus is the digitisation 
of historic and other physical-format observation and catalogue records. The ALA manages 
the data and results from citizen science and some government-funded environmental 
research projects around Australia. The site also hosts records of Australian animals in 
collaboration with the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) and emphases exploration of species occurrences and reporting around a user’s local 
geographic area. 
 
Figure 2.13 – Atlas of Living Australia website, showing species information for Galah 
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2.4.7 Xeno-canto 
Xeno-canto (Xeno-canto Foundation, 2010) (http://www.xeno-canto.org/) is a site for 
collecting recordings of bird vocalisations from around the world. The main use of the site is 
for individuals to upload audio recordings that contain a known species or to get help 
identifying a vocalisation (Figure 2.14). The database of recordings then acts as a reference 
for birders or other interested people. Each recording may generate discussion regarding the 
identity of the animal, the quality or location of the recording, or requests for additional 
information about the context and conditions at the time of the recording. The recordings 
tend to focus on a single bird and are usually quite short (a few seconds to a few minutes, 
with a file size limit of 10mb). 
 Figure 2.14 – Xeno-canto website showing recording of an Australian White Ibis (Threskiornis moluccus) (from 
http://www.xeno-canto.org/36490) 
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Prior knowledge of birds is required to use the site effectively. There are hot spots of activity 
around the world, as birds have significant variation in vocalisations between regions. 
Verification of classifications is organic, as it is common for controversial identifications to 
draw people into discussion, which expands the number of people who have given input on 
the classification of the recording. Xeno-canto provides file management and taxonomic 
categorisation. The users provide their expertise, time, and upload recordings. 
The core differences between the Xeno-canto website and Ecoacoustics Workbench website 
are the duration and reason for collection of audio recordings, as well as the method of 
analysis (Table 2.1). The Ecoacoustics Research Group website is described in more detail in 
the research design in Chapter 3, section 3.5.1. 
Table 2.1 – Comparison of Xeno-canto and Ecosounds projects 
Attribute Xeno-Canto Ecosounds 
website 
description 
repository and discussion forum 
for birdcalls 
repository of long-duration recordings and 
tools for annotating the recordings 
overall aim collect and provide access to 
individual birdcall recordings 
from everyday people 
build an acoustic record of the 
environment and provide annotations to 
ecologists 
collection 
approach 
individuals record and upload 
birdcalls of their own volition 
recordings made by conservation groups 
or researchers for projects 
audio recording 
content 
usually a single birdcall, 
occasionally a longer 
‘soundscape’ 
omnidirectional recordings of natural, 
terrestrial environments 
audio recording 
organisation 
Recordings are organised by 
location, uploader, and content 
grouped by project (logical) and then site 
(geographical) 
audio recording 
duration 
usually less than a minute, non-
consecutive 
long-duration recordings between 2 
minutes and a day long, usually 
consecutive over many days, months, or 
years 
analysis organic analysis through 
comments by forum users; some 
use of recordings of particular 
species or locations in research 
publications 
annotations defined by audio frequency 
and time with tags identifying content 
added by users or algorithms; usually 
analysed for a specific research project 
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intended 
outcome 
a comprehensive guide of bird 
sounds; increased knowledge of 
bird sounds 
dataset of annotations that can be used 
by ecologists for biodiversity research 
2.4.8 eBird 
eBird (Kelling, Jun, Gerbracht, & Wong, 2011; B. Sullivan et al., 2014; B. Sullivan et al., 2009; 
Wiggins, 2011) is an online checklist tool for birders to keep track of their observations, 
interact with other birders, and access observations made across vast geographical areas. 
Researchers and birders provide the website to promote the creation and sharing of bird 
observation lists. Observation lists submitted by experienced birders from around the world 
(Figure 2.15) have proven beneficial in determining trends and patterns of species and 
migrations. Participants make use of the site as storage for their personal observation lists 
and obtain information about bird activity from other user’s lists. The discussions of 
unexpected or interesting observations serve the dual purpose of engaging participants to 
remain involved, and validating the observation lists. Records that fail automated checks 
derived from distribution statistics, which the observer confirms as accurate, are also 
reviewed by a regional expert. 
 
Figure 2.15 – Eremaea eBird observation submission interface 
The websites have been built for data collection from birders; scientists and a number of 
other users consume the data for a range of purposes, including “migration, conservation, 
modelling, mapping, climate, population, conservation, [and] habitat” topics (Lagoze, 2014). 
The data source is subjective bird observations, so verification is important and performed 
mainly through comparing observations to historical counts and known habitat areas. 
Additional data included with observations, such as the experience of the birder, whether 
they regularly visit the location, and the weather conditions at the time, are important to 
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ensure quality data. Although expertise is required to conduct bird surveys, much of the work 
is done as part of established birding activities. 
eBird is the hub for many citizen science projects focussing on the conservation of birds. The 
projects tend to focus on participatory data collection and collation. The National Audubon 
Society, a large United States of America-based organisation focused on the conservation of 
birds and other wildlife, runs a number of events that involve bird observations and counts, 
such as the Christmas Bird Count (2012a) and the Great Backyard Bird Count (2012b). The 
Breeding Bird Survey is another large North American survey that recruits skilled amateur 
and professional birders and biologists to observe birds during the breeding season.  
Birdlife Australia is a bird conservation and advocacy group, which runs a number of projects 
in Australia (2012b). The Atlas of Australian Birds and Birdata (2012a) aims to catalogue bird 
observations over the entire Australian continent and the Birds in Backyards (2011) project 
documents birds in users’ backyards and urban environments. 
 User-centred Design 
The design of a computer interface that enables birders to review acoustic data needs to be 
easily accessible and usable by people with very little computing experience. The user 
experience is the core of interaction design, where the goal is to create systems and devices 
that function as intended and are straightforward for the people who use them (Preece, 
Sharp, & Rogers, 2015). This can be approached through user-centred design – an approach 
that begins with the belief that those affected by a design should be included in its 
development. Design in this case is about what could work to enable a user to get tasks done, 
to attract repeat use, as a means of exploring how to enable learning, for the collection of 
knowledge, and to find meaningful direction during the design (Margot Brereton & Buur, 
2008).  
There is a limited amount of prior work in acoustic analysis interfaces to build on, so the 
designs need to be informed, and incorporate feedback from, real users. Designing 
applications to access data that may be inherently complex can lead to approaching the 
applications in terms of the data, storage, and technical requirements. This approach may 
distract from the user and the interaction the user must perform to use the application 
(Luong, Etcheverry, & Marquesuza, 2011). The danger of the technical aspects of a design 
being emphasised are that the result might function satisfactorily behind the scenes, but the 
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interface is not usable, may hide features, and could reflect the implementation rather than 
the intended usage. 
Interacting with a website to review audio, gain experience, and knowledge, and generally 
enjoy the tasks requires some experiential rather than goal-driven interaction. This section 
discusses two aspects of user-centred design: prototyping and design evaluation. 
2.5.1 Prototyping 
A prototype is an initial, rough artefact built to investigate the potential of a design. A 
prototype can be a device, a service, or a process; for the investigations in this thesis, the 
prototypes were custom-made websites. The prototypes investigated the usability and 
suitability of a web interface for online birding activities, assessed the functionality required 
to complete activities, and prompted responses and feedback from birders. Exploratory 
prototypes or technology probes are a common approach in the HCI discipline (Hutchinson 
et al., 2003). They enable the implementation and evaluation of a change in practices, and 
the effects of the change on the people involved. 
Prototyping is a well-accepted and widely used approach for evaluating products, systems, 
and interfaces in HCI research (Carroll, 2012, p. 158). Prototypes can be constructed and used 
in a variety of ways. Three attributes of prototypes determine the effort required and the 
new information they can obtain: 
 Fidelity: how closely a prototype resembles the finished design or product. This can 
range from low fidelity, for example, sketches using paper and pencil, to high fidelity, 
such as software implementations (Spool, 2013).  
 Evaluation focus: most prototypes are built to explore or evaluate behavioural or 
usability aspects of a product or system. Behavioural or appearance prototypes focus 
on how a user interacts with the user interface. Usability or architectural prototypes 
evaluate tasks or workflows throughout a system (Polytechnique Montreal, 2014). 
 Duration: exploratory prototypes are used for a short time, compared to 
evolutionary prototypes, which change through iterations over longer periods (Heyer 
& Brereton, 2010). 
There are some conventional combinations of these attributes in the HCI literature. For 
example, behavioural prototypes used to evaluate website interfaces tend to be low fidelity 
exploratory prototypes. Evaluation of tasks that require more involved interactions are 
usability prototypes of medium to high fidelity. Prototypes deployed into communities are 
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usually higher fidelity evolutionary prototypes that undergo multiple iterations guided by 
user feedback. 
Exploratory prototypes are a way to quickly develop and evaluate a device or process within 
its usual context. The aim is to test a design without having to build entire supporting 
systems. Prototypes are usually developed in rapid iterations to incorporate and evaluate 
feedback and insights from actual use (Heyer & Brereton, 2010). Prototypes can be 
categorised by what they are testing and how the prototyped device or service is developed. 
The design to be tested may focus on a specific behaviour or attribute of a larger system, or 
it may cover architectural considerations. The development approach may be eventually to 
discard the prototype in favour of fulfilling a design in some other way, or to make an 
evolutionary construction that forms part of a final product. 
User-centred design focuses on users and use of a design. It does not necessarily seek to 
empower people through technology design. Participatory design considers the power 
dynamics between participants and researchers, and emphasises empowering people to 
apply technology in their work (Margot Brereton & Buur, 2008). Action research mixes 
prototyping, design iterations, and reflections on interventions. This promotes user 
awareness of possibilities stemming from designs, and designer learning of contextual usage 
(Winschiers-Theophilus, Chivuno-Kuria, Kapuire, Bidwell, & Blake, 2010). Another key 
concept is the “difference between the knowledge-generating Design-oriented Research and 
the artefact-generating conduct of Research-oriented Design” (Fallman, 2003, p. 225). The 
difference is in the desired outcome and emphasis during the research; all varieties of 
prototypes suit either type of research. 
Website design and communication between participants and organisers is covered by a 
wealth of research based on users’ actual interaction with various genres of websites 
(Nielsen, 1994). Specific guidelines for interactive computation are still in the initial stages 
(Reeves & Sherwood, 2010). One central issue is sustaining participation after the novelty 
has ended for participants, or after researchers have identified all the ‘easy’ elements. The 
way the core activities of the system and the supporting activities present the same 
information needs to be consistent with the goal of the participant at that time. The 
presentation of information, social interactions, activity reporting, and notifications, need to 
link in with casual browsing and support a user in non-linear and unstructured experiential 
tasks (Wells, Fuerst, & Palmer, 2005). Including unstructured exploration as a significant 
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aspect of the website can help with engaging users who do not want to concentrate or are 
simply interested in exploring the available data and tools. 
The design of a system includes telling a story around users’ interactions. Researchers 
establish user goals from observations of actions, the problems they face, and the things that 
work for them. The process for prioritising user goals broadly involves gathering people who 
have an interest in the software, reviewing the domain and the current process, then defining 
the roles and tasks involved in the process from the perspective of the eventual users. In the 
development of a town planning system, Pape and Thoresen (1987) demonstrated an early 
practical implementation of an exploratory prototype. In addition to evaluating the quality 
and effectiveness of their system, their paper also espoused the benefits of customising 
software development to fit the situation. Collaboration between people with differing 
scientific backgrounds and perspectives, who have overlapping goals, is a fundamental part 
of birding, conservation, and research activities. 
Personas are one method for collating the detail of user preferences in specific situations 
(Floyd, J., & Twidale, 2008). A persona is a way to retain personal details of users, including 
multiple attributes, desires, and history in the minds of designers (Turner & Turner, 2011). 
They are characters that represent the classes of users relevant to a design problem. Making 
use of personas does not remove the continual need to refer to real people to ensure the 
software is meeting expectations and requirements (Turner & Turner, 2011). The people that 
will use the software cannot always be available to the designers. Just as designers and 
developers are prone to picture themselves instead of real users, there is also the danger of 
designing an interface and functionality to try to cater towards all possible users. A large 
range of choices and possibilities is often worse than too few options (Siddall et al., 2011). 
Real-world interaction with stakeholders and participation in their day-to-day experiences 
may offer valuable insights. Iterative and reflective design cycles can offer benefits such as 
interaction stories, focused priorities, and reducing the tendency of designers to design for 
themselves. There is recognition that asking users what they want is often futile, as users 
may not know what is possible, have rather vague ideas of what they want, or are used to 
doing things a certain way. Observations and logging actual use are more objective and 
practical ways to establish current and desired usage. Surveys, interviews, and informal 
conversations are also useful to establish expectations and desired functionality. 
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2.5.2 Evaluating Designs in the Field 
Laboratory and field studies allow for differing levels of control over the research situation 
(Kjeldskov & Skov, 2014). The evaluation method depends on the goal of the research. 
Laboratory study can offer rigorous results through precise and repeatable experiments. 
Field studies may require researchers to be more passive than they would like, to genuinely 
show the ‘wild’ context, and provide observations that reflect the perspectives and opinions 
of participants. The difference is often around the desired outcomes of the research – 
laboratory studies seek to improve or verify a design through controlled usage. 
Researchers can benefit from conducting research within the situations that a final product 
will be used. This approach requires that participants feel they are hosting an appreciative 
and respectful guest, rather than feeling that someone has entered their community to 
initiate change in an arrogant way. A collaborative approach to gathering data and 
recognition of the complementary roles of scientific inquiry and community knowledge 
seems to be the most likely to be successful (Callon & Rabeharisoa, 2003). The combination 
of formal scientific rigour and informal local expertise has the potential to be a competition 
between explicit and implicit understanding. As Callon and Rabeharisoa discuss, a 
combination of methods of investigation, along with detailed and regular communications, 
is crucial for examining practical use through data gathering and analysis. 
Research ‘in the wild’ remains a loosely defined phrase. It is usually applied to methodologies 
that include evaluation of designs in the context of actual use, with an emphasis on 
“evaluating prototypes as they are really used and integrated within people’s lives” 
(Chamberlain, Crabtree, Rodden, Jones, & Rogers, 2012). ‘In the wild’ studies more readily 
demonstrate the adoption and everyday use of a design, providing data around practical 
uptake. Some ‘in the wild’ studies seek to disrupt or heavily intervene in existing practices, 
while others look to trial augmentations to existing practices in context. The common 
element is the need to maintain context for genuine evaluation of a design. 
Field studies involve scientific research that retains the context of the subject and includes 
the context and everyday activities as essential input to the design. This is more effective for 
developing and evaluating designs that necessarily intertwine and impact on a range of 
activities. A study ‘in the field’ requires researchers to observe usual activities in situ, if not 
become involved in the activities to observe their own participation in addition to other 
participants. The method of observing needs to be concerned with the ‘wilds’ where the 
research is conducted; for example, making notes on a mobile device during field work that 
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involves walking in the bush may not be practical. Some observational methods, which may 
include being an impartial, non-participating observer, cannot translate to effective field 
studies. Cooperation between participants and researchers is essential (Usabilitynet, 2006). 
Conducting a field study requires preparation of equipment, methodology, and 
implementation. The equipment includes the tools and other items necessary to partake in 
the activity. These may be borrowed from the community if the researcher is not a regular 
participant. The methodology dictates the observation and documentation methods. These 
are usually video or audio recordings, photographs, and handwritten or electronic notes. The 
protocol for participating and observing may require the researcher to be in among the 
participants, engaging in the activities of the moment. It could also specify impartial 
observation and recording, with as little impact and participation as possible. During the field 
study, the researcher needs to be sufficiently knowledgeable of the goals and methods of the 
research to be able to implement them while adapting to the events at the time. 
The equipment, procedures, and objectives of birders are changing due to changes in the 
technology supporting birding activities. Prior (2011) raises the conflicts between approaches 
of birding through the lens of formal organisations and institutions compared to inter-
personal connections. This can be interrogated through interviews and evaluations of 
prototypes by birders, which might reveal disagreement between individual desires and 
conservation directions. Changing technologies show the potential disconnects between the 
goals of conservation, and the actual activities of birders (Watson, 2011). Designing 
interfaces for prototype websites that enable birders to identify bird calls has requirements 
and challenges that can easily hide the overall goal of enabling effective review of acoustic 
data. The inclusion of birders in developing and evolving these interfaces is vital to 
maintaining the focus on interface usability, avian observation, and gathering quality data for 
use in improving avian conservation. 
Ethnography is the study of people and their cultures. Researchers become involved in the 
culture to observe, record, and properly understand it. Field studies differ from ethnography, 
as the goal for field study is to evaluate a design, rather than study and document the overall 
culture of a community. Reporting on the methods and activities involved in ethnography 
can be challenging, as the actual events are unpredictable, and the potential for gaps in 
observation records is high. It can be difficult to recount activities in ways that allow other 
studies to test and build on the results. The interactions between people and the context of 
activities will necessarily be different in each study. For example, in their study of citizen 
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science activities around investigating moths, Chamberlain and Griffiths (2013) derive 
implications for design from their analysis of the components of moth capture and 
identification. There is information about the methods of observation; the paper discusses 
the activities undertaken by participants, and the impact on design. The methods of 
observation, along with details of how key insights were gained, must be included for the 
outcomes of field study work to be dependable. 
 Summary 
This literature review covered four areas of research: monitoring the environment for 
biodiversity assessment using acoustics; birding practices and knowledge; theory and current 
projects in crowd sourcing, human computation, and citizen science; and the user-centred 
design branch of human computer interaction. These areas formed the prior knowledge for 
the research in this thesis. 
The prior knowledge related to the background, context, and research problem discussed in 
Chapter 1. The virtual birding approach to analysing recorded audio in this thesis has four 
aspects:  
 Australian birding practices that dictate the activities and culture any design must fit;  
 computer interface design and evaluation using HCI concepts and procedures;  
 methods for analysing and extracting ecologically relevant information from 
recorded audio; and, 
 software development for prototype websites that combine birding knowledge and 
acoustic data. 
The next chapter describes the research design and outlines the application of this 
knowledge to the research question. The focus is on learning about the backgrounds of 
Australian birders, investigating how acoustic sensing can be integrated into their birding 
activities, and designing and evaluating the interfaces that enable effective identification of 
birdcalls in recorded audio. 
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Chapter 3: Research Design 
This research design addressed the research problem by collecting and analysing mainly 
qualitative data through interviews, field studies, exploratory prototype websites, and online 
questionnaires. The research described and examined the activities of experienced birders, 
who can identify avian species from their vocalisations. The participants also evaluated 
interface designs for analysing recorded audio. Birders are people with valuable and 
uncommon skills gained through dedication to a pastime. The research methods emphasised 
understanding the potential contribution of birders’ experiences and activities. Methods 
were chosen that could collect nuanced data from participants. 
The methodology was a qualitative mixed-methods approach. Figure 1.2 in Chapter 1 lays 
out the research methods, data collection studies, and participants involved in answering the 
research question. This chapter details the research design, including the methodology, data 
collection activities and methods, participant selection and recruitment criteria, and 
exploratory prototype designs. It also outlines the data analysis procedures, prototype 
evaluation approach, and timeline for the research. 
The five data-collection studies first gathered data concerning the backgrounds and current 
use of recorded audio by Australian birders and trialled incorporating acoustic sensing into 
their birding routines. Then the studies investigated the creation and evaluation of interfaces 
for the detection, identification, and cataloguing of birdcall observations. Unstructured data 
to be analysed included transcribed interviews, observations from field studies, and 
handwritten birdcall identification lists. Logs of user activity from computer interface 
prototypes and responses to user interface questionnaires provided structured data for 
analysis. A set of purposive sampling criteria identified participants with extensive birding 
experience. An approved human ethics application ensured the informed consent of 
participants.  
 Methodology 
The research in this thesis followed a qualitative mixed-methods approach, utilising 
interviews, online questionnaires, and exploratory methodologies. Multiple methodologies 
and techniques allowed investigation of the complex research problem and reflected the 
intersecting disciplines. This combination aided in understanding the layers of the research 
question in the genuine, everyday context. 
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Description of birding activities along with interviews established the research context and 
the birding practices of participants. They established the current situation, to help gather 
data for analysis, particularly around current use of recorded audio and potential for 
identification of birdcalls in acoustic data. Development and evaluation of new computer 
interfaces followed an exploratory design methodology. This also aided in clarifying 
participants’ birdcall detection and identification processes, and helped participants to 
understand and explore biodiversity monitoring using acoustic sensors. 
Qualitative research was the most appropriate approach due to the small amount of prior 
research and broad possibilities for integrating birding skills with recorded audio and 
computer interfaces for analysis. The research design was intentionally exploratory and open 
to emergent situations in genuine contexts, and not looking to control or restrict participants. 
Key aspects of the research were narrative and nuance, along with the influence of 
circumstance and setting. The results from this research design allowed for coherent and 
textured findings, as compared to a design that required more participants or imposed a rigid 
experimental structure. This mixture of methodologies, as well as providing in-depth 
understanding, respected the resources, time, and effort of the participants and the 
researcher. 
Two frameworks guided the research in this thesis: user-centred design and Reflective Agile 
Iterative Design (RAID) (Heyer & Brereton, 2008). These focused the investigations and 
design of prototype websites on the participants’ perspectives and needs. They were chosen 
to respond to the research questions about Australian birders’ activities and use of recorded 
audio, as well as the design research challenge of interface designs for birders to analyse 
recorded audio. 
The literature review outlined the prototype development and field evaluation aspects of 
user-centred design in Chapter 2, section 2.5. User-centred design places emphasis on 
including the people who will use a product or prototype in the design process. A user-
centred approach was appropriate as it can enable understanding of a phenomenon, 
encourage respectful researcher engagement, and provide personal and nuanced 
perspectives, without needing to be generalisable. 
Reflective Agile Iterative Design (RAID) was the basis for designing and developing the two 
exploratory prototypes. RAID is a user-centred iterative design framework. It combines 
elements of various human-computer interaction practices, including exploration of user 
interfaces, iterative improvement, and Agile software development methods. The process of 
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development, use, and reflection was used to address the research question of computer 
interfaces for birders to review audio recordings. The development phase involved 
implementation and integration of software. The implementation was the minimum required 
to present the idea and gather user feedback. As described in the literature review, section 
2.5.1, the exploratory website prototypes were medium fidelity, looking at behavioural 
evaluation over a short time-frame. 
The next section covers the research methods and data analysis in this thesis. The methods 
chosen provide context, textured description, and enable evaluation of birders’ 
understanding and analysis of recorded audio. They incorporate reflexivity checks to review 
findings for researcher bias, and validity tests to confirm that findings matched participant 
experiences. The data gathering methods reflect the cross-disciplinary nature of the 
research. The boundaries between disciplines blur as research approaches combine a range 
of methodologies, technologies, and knowledge bases to produce valuable results (Blackwell, 
Wilson, Boulton, & Knell, 2010). The boundaries can create opportunities for different 
research paths, particularly collaboration between spheres of knowledge that are usually 
kept separate (Buscher & Cruickshank, 2009). 
3.1.1 Alternative Methodologies 
There were a range of other methodologies, particularly case study and design science, which 
may have also been appropriate for this work. The choice to use Reflective Agile Iterative 
Design (RAID) and User-Centred Design (UCD) was related to how to best inquire into and 
evaluate the use of acoustic data by birders. The results from analysis of acoustic data is of 
interest to researchers, conservationists, governments, and others, while the process itself 
requires considerable effort and prior knowledge that is not available to all interested groups.  
The author chose to concentrate on the analysis process as undertaken by birders. Case study 
and design science emphasise the broader applicability of a procedure or artefact created 
and evaluated within a trial group. UCD and RAID focus on adapting an intervention or 
prototype for a specific group. This choice of methodology did mean that related, useful 
questions could not be answered, and it was difficult to choose which path to take while also 
negotiating to meet and accompany birders. This challenge is relatively common in choosing 
and justifying a methodology to follow in the Human-Computer Interaction field (Matthews 
& Brereton, 2014). 
The first two studies – in-depth interviews and assisting birders to use acoustic sensors – 
highlight the user-centred approach. The other three studies – analysis of recorded audio at 
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the BirdLife conference, and the two website prototypes – were applications designed 
through knowledge of birders and evaluated through reflection of actual use by birders using 
elements of the RAID methodology. The studies in this thesis are more technological 
interventions and evaluations, rather than an attempt to extract broader understanding of 
other similar communities. 
Birders could have represented a case study of people with valuable and uncommon skills 
gained through dedication to a pastime. People continue birding due to personal interest and 
enjoyment, rather than for paid work, an external reward, or requirement. Similar groups 
include insect, amphibian, or other native wildlife observers, as well as people who monitor 
flora or broader ecosystems. The findings could also translate to other areas of conservation 
research that include recorded audio, such as urban sound analysis or noise monitoring. All 
these examples require a similar level of expertise in recognition of a specific class of sounds 
within undirected, difficult-to-analyse recorded audio. 
The case study method lends itself to data gathering in various forms, with an associated 
array of analysis methods. This case study seeks to understand a group of people, their 
activities and community, to generate knowledge applicable to related communities. A case 
study that includes individual data collection activities should be assessed in relation to the 
overall study. Case studies contribute knowledge of a person, organisation, or social 
phenomena as an example of people or groups that share characteristics (Yin, 2013). They 
are useful for investigating the reason for, or operation of, specific circumstances. The 
outcomes of case studies tend to be rich data describing the area of study, with in-depth 
discussions and potential explanations for key events and situations. It can be difficult to 
clearly establish the scope of a case study, as well as ensure the data collection methods are 
appropriate. Case study results arise throughout the research and are grounded in primary 
data (Eisenhardt, 1989). The core of the analysis process for a case study involves 
comparisons with existing theory, pattern matching, and reflection between results from the 
individual investigations through analytical generalisation (Baškarada, 2014). 
The design, development, and evaluation of prototype websites are within the area of design 
science – the construction and study of artificial systems to answer research questions 
(Prestopnik & Crowston, 2012b). Prestopnik and Crowston give two goals for design science 
research: the development and use of a system designed to solve a real problem, and a 
defined research question that the system aims to answer. Treating the prototypes and 
supporting systems, designed and built for a specific purpose, as part of the research 
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endeavour and output, is a defining feature of design science. This is design science in the 
sense of design and development as a science, and the process and outcomes are worthy 
research outputs. This is the study of artificial creations – information systems and artefacts 
– compared to the study of the natural world. Case study and design science are similar, in 
that both focus on a concrete instance of broader concepts, which was not the goal of this 
research. 
 Research Methods 
The intersecting disciplines represented in this thesis promoted the use of more than one 
research method. This section gives an overview of the four research methods employed: 
interviews, field study, exploratory prototypes, and online questionnaires. It includes 
justifications for each method, the data analysis approach, and highlights how the research 
methods enabled collection of data and analysis of that data to answer the research 
question.  
3.2.1 Interviews 
Interviews are a common way to gather elaborate and nuanced knowledge from a person or 
group. Interviews provide excellent opportunities for explicit and detailed explanations of a 
participant’s involvement and understanding of birding activities. A research interview differs 
from everyday conversation, journalist interviews, and therapeutic interviews in the 
intended outcome of gathering qualitative knowledge, although the way these are carried 
out, and the purposes, may overlap. The purpose of a research interview is to hold a 
structured conversation, with certain goals. The knowledge gathered is the lived experience 
of the subject (Kvale & Brinkmann, 2009). Data gathered can include insights into intrinsic 
motivations, critical contextual information, and in-depth reflections on activities and 
relationships. These properties allow interviews to expose individual and community 
understandings and knowledge.  
Interviews are most useful for gathering large amounts of data from a few samples, as the 
resources required for many interviews can be substantial. Interviews can be quantitative, 
where the questions are rigid and designed to elicit spectrum, numerical, or yes/no 
responses. Qualitative interviews are more flexible and strive to prompt expression from the 
subject, and gain a broader understanding of context and background (Harding, 2013). They 
are often semi-structured: there are planned questions that follow a narrative to prompt 
specific discussion, as well as unplanned discussion because of enthusiastic or emphatic 
responses. The narratives resulting from interviews can provide insights and information 
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from a range of angles, always based from the perspective of the interviewee. Coded 
interview stories compared within a single interview and between multiple interviews offer 
rich qualitative data. Analysis is usually performed on transcribed interviews. The analysis 
draws from the interviews to present the knowledge, experience, and passion of the 
participants, as well as highlighting the participants’ impacts on and contributions to the 
research. 
Interviews were the research method of choice for investigating Australian birders’ 
backgrounds and use of recorded audio in Chapter 4. Qualitative interviews provided the 
most opportunity to understand participants’ personal perspectives. Chapter 4 expands on 
the method, and documents the steps taken to analyse the interview transcripts. 
3.2.2 Field Study 
Participant observation in context is a common qualitative data collection method. This 
method emerged from ethnographic studies where researchers built relationships with 
people to study their lives, activities, and communities. The idea is that participants are more 
likely to describe inherent or unique knowledge when a researcher enters a community and 
participates in everyday and special events. Observation can also be useful in a narrower 
focus, where a design is tested in the situation it will be used. Rather than ethnographic 
research looking at many people and their cultures over time, field study is conducted over 
short periods, observing interactions and experiences around a design. Field study for this 
thesis involved participation in various birding activities. 
Usability research undertaken in a laboratory evaluates a design in a controlled environment. 
This works well for devices or systems designed to play a specific role, based on a well-
defined need or current issue. It is difficult to gauge the everyday context and interactions 
that may affect a design in a laboratory setting. Evaluation in a laboratory setting is not 
sufficient to develop new or significantly extended designs that impact on multiple areas of 
a person or community’s everyday activities. 
The researcher’s participation can be at different levels of engagement with the participants 
– too little contact may result in no useful data; too much involvement may interrupt 
objective analysis of the community. Observation protocols range from structured, with 
clearly defined times and methods for records, through a spectrum to unstructured 
observation, resulting in records whenever the researcher feels the need (Bryman, 2012). A 
researcher’s subjectivity may influence participant observation; the researcher needs to 
acknowledge and examine personal biases reflexively throughout the research. 
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The benefits of observation for this thesis were to raise insight that people in the community 
may not be able to easily notice or articulate themselves, and to document activities and 
events from varying perspectives to add to the richness of the data. Observations were 
mostly unstructured, where the researcher both participated and observed from outside the 
group. Observation is often coupled with other data collection methods to ensure the 
research question is fully addressed (Harding, 2013). Observation provided raw data and 
allowed for reflection on knowledge gained to that point in the research.  
The investigation into extending birding activities to integrate acoustic sensing utilised field 
study. Researcher participation and observation in context were crucial, as any change in 
context would have unknown effects on the participants’ experience. Chapter 5 describes 
the process for deploying acoustic sensors with each participant. 
3.2.3 Exploratory Prototypes 
The chosen approach of Reflective Agile Iterative Design (RAID) (Heyer & Brereton, 2008) 
outlined a process to develop exploratory designs without requiring preconceived ideas 
about what would work. The evaluation of designs through user feedback and use is an 
established way to produce tools that are suitable for their intended audience. RAID is 
particularly relevant for website prototypes, as it adopts an agile approach to developing 
prototypes, and prioritises reflection and iteration for each prototype and over the entire 
research project.  
The design and management of a system is impacted by the overall goal and the intended 
outputs. The four crowd service types described by Geiger, Rosemann, and Fielt (2011) make 
good guidelines to begin examining the flow of information and user interaction. For 
example, Galaxy Zoo is a crowd processing system, where individual users process similar 
data separately. Crowd creation systems compare the outcome of processing disparate data 
to identify the most relevant information. Prototypes can be task-driven at their core, but for 
interfaces to succeed in engaging users and providing enjoyable interaction, the overall 
experience must be the design priority. These prototypes are a crowd processing and 
creation service: 
 Participants process audio recordings from a variety of natural environments. 
 There are no ultimately correct contributions, as each annotation is a subjective 
decision. 
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 Contributions are partly user-generated content, and can be evaluated collectively 
or individually. 
The existing website managed by the research group formed the base for the two exploratory 
prototypes. This website, along with the design and software development procedure, is 
described later in this chapter in section 3.5. The exploratory prototypes responded to 
research sub-question 3 in determining feasibility and implications for interfaces to analyse 
recorded audio, and evaluate their effectiveness for birders to identify birdcalls. This research 
method was combined with online questionnaires to consistently gather participant 
experiences. 
3.2.4 Questionnaires 
Questionnaires are a common method of measuring user satisfaction and the usability of an 
interface. The aim of evaluating user interfaces using questionnaires is to gauge a user’s 
attitudes and perception of speed, accuracy, utility, and ‘subjective satisfaction’ (Chin, Diehl, 
& Norman, 1988). There are a number of standard questionnaires available, although many 
studies do not use standardised questionnaires (Hornbæk, 2006). Custom questionnaires 
have the benefit of fitting the study more closely; however, they are difficult to compare 
between studies. It may be necessary to avoid common questionnaires when creating 
prototypes that do not conform to the expectations of the standard questionnaires. Open-
ended questions, which require responses in sentence form, are used in conjunction with 
quantitative questions. Combining these different formats for similar questions can help 
validate responses. 
Questionnaires have the benefit of presenting the same questions across multiple 
participants as well as obtaining information that can be difficult to gain by direct interaction 
with a researcher. They can prompt genuine opinions of interventions and suggestions from 
participants in areas where they have intricate knowledge. While it is difficult to control the 
situation in which questionnaires are completed, the responses can provide quantitative and 
qualitative data that can complement other findings. For this study, online questionnaires 
were used for assessing exploratory prototype websites. This form of feedback is particularly 
suitable to narrow the focus of participants to sections of the interface or specific interactions 
(Tullis & Stetson, 2004).  
Quantitative measures obtained from responses to Likert scale questions were compared 
with qualitative textual responses. Likert scale questions are in the form of a single 
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dimensional spectrum of agreement. This comparison allowed for revealing and 
interrogating common, inconsistent, and extreme responses. There are well-known flaws 
with Likert scale questionnaires, such as a tendency towards neutral answers and aiming to 
please the researcher rather than responding honestly. The use of qualitative and 
quantitative questions to assess specific details of the exploratory prototypes aimed to raise 
the quality of data available. 
Participants completed questionnaires built using online forms to evaluate the exploratory 
prototypes. The questions posed required responses using Likert scales, a selection from a 
fixed list, and open-ended text. All responses were analysed through grouping by similarities, 
and highlighting regular occurrences and extremes. The Likert scale responses were also 
analysed with descriptive statistics to gain an understanding of the overall reaction of 
participants. Extended textual responses were analysed in a similar way to interviews: using 
content, thematic, and comparative analysis. This involved grouping similar responses and 
developing codes to describe the groups. The groups and original responses were compared 
between and within participants’ responses to indicate commonalities and extremes, and 
develop findings around people, places, relationships, events, and knowledge.  
 Data Collection and Analysis 
This section provides more detail of the data collection and analysis processes, as well as how 
research quality was maintained and assessed. Five studies covered the data collection and 
analysis activities for this thesis. Chapters 4 – 8 report the design, method, findings, and 
discussion for each study. Figure 1.2, in Chapter 1: Introduction, provides an overview of the 
key elements of the studies. The studies expanded on information about Australian birders 
and explored computer interfaces for analysing acoustic data by identifying birds from their 
calls. Together, these studies responded to the research question. 
Data collection tools for questionnaires included custom-built web pages as part of the 
website prototypes for online questionnaires, as well as existing online survey tools 
SurveyMonkey and KeySurvey. Questionnaires were also completed by participants on paper 
handouts as part of Study 3. Questionnaire analysis was completed using built-in functions 
for the online tools, spreadsheets in Microsoft Excel and LibreOffice, and custom scripts 
written in PowerShell and C#. 
Analysis of qualitative data usually involves examining raw pieces of data and aggregation to 
identify commonalities and outliers. There are a few overlapping approaches to analysing 
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qualitative data. The approaches described here are drawn from Harding (2013), who 
references Catherine Dawson, Hennie Boeije, and Victor Jupp. Thematic analysis involves 
summarising data into similar experiences, and drawing conclusions through commonalities, 
differences, and relationships. It creates subjective collections of similar information in raw 
data. Content analysis systematically annotates data using codes to form homogenous 
groups represented by raw data. The process aims to be comprehensive by ensuring the 
same code is applied to similar experiences over large and rich qualitative data, revealing 
relative importance and occurrence of codes. Comparisons between and within data sources 
can provide additional information about people, events, and relationships. 
The many qualitative methods and analysis approaches used for the research in this thesis 
aided in investigating experiences, opinions, cultures, and community practices. The research 
goal was to build qualitative knowledge and understanding of the activities of birders in 
greater Brisbane, looking towards incorporating recorded audio into their activities. This 
contrasts with quantitatively isolating specific variables and determining their effect on other 
variables. Findings were developed through analysis of stated perspectives and recorded 
activities, as well as critical evaluation of the meanings and implications drawn from the 
qualitative data. 
Exploratory quantitative data analysis, mainly in the form of descriptive statistics, was used 
to analyse numerical data. This included extracting information from passive and active 
prototype website tracking data, aggregating responses to Likert scale questionnaires, and 
assembling summaries of participant responses. There were two purposes in using 
exploratory data analysis: developing practical summaries from raw data, and characterising 
the responses numerically, through central tendency and dispersion as well as simple 
aggregates. Quantitative data summaries provided additional information for qualitative 
findings and conclusions. Characterisations of responses through qualitative and quantitative 
methods gave more weight to the discussions. 
3.3.1 Australian Birders’ Backgrounds and Use of Recorded Audio 
Chapter 4: Study 1 – This investigation interviewed nine experienced birders to gain a 
nuanced understanding of their personal background, birding pastimes, observations, and 
use of recorded audio. This addressed the first research sub-question 1 (SQ1) of describing 
the backgrounds of Australian birders. The interview recordings and transcripts comprised 
approximately three pages of text per interview. This data was analysed using content, 
thematic, and comparative analysis: codes and categories developed from a comprehension 
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of the transcripts in content analysis; themes built from participants’ concepts, experiences, 
and actives, discussed from the researcher’s perspective; and comparisons across interviews, 
codes, categories, and themes to validate participants’ intended meanings were maintained. 
3.3.2 Augmenting Birding Activities to Integrate Acoustic Sensing 
Chapter 5: Study 2 – This investigation examined five birders’ perspectives on acoustic 
sensing and integrating audio recordings into their birding practices. Birders deployed 
acoustic sensors with the aid of the author as part of a field study. This demonstrated the 
potential extensions of current practices to integrate audio recording activities to answer 
research sub-question 2 (SQ2). The data for this study included a few pages of researcher 
observation notes per participant, along with subsequent discussions with the participants 
regarding their use of the acoustic sensors and data. The analysis involved aggregating 
participant experiences with acoustic sensors and data, and combining this with the 
researcher observations to distil themes related to the research question. 
3.3.3 Identifying Birdcalls in Recorded Audio 
Chapter 6: Study 3 – This investigation used printed spectrogram images and audio playback 
to explore the application of birding knowledge to identifying bird vocalisations in recorded 
audio. Responses from 22 BirdLife Queensland Conference attendees were collected using 
paper questionnaires. These were analysed through comparisons to popular bird observation 
lists. This study highlighted the potential benefits for computer interfaces that enable birders 
to identify avian species from their vocalisations. It provided information about effective 
identification of birdcalls in recorded audio in response to research sub-question 3 (SQ3). 
3.3.4 Translating a Familiar Birding Checklist for Acoustic Analysis 
Chapter 7: Study 4 – An evaluation of a digital translation of the Atlas checklist for use with 
recorded audio gave insight into the interface elements and context that six birders preferred 
and disliked. This investigation developed and tested a novel computer interface for 
identifying birdcalls in recorded audio, which addressed research sub-question 3 (SQ3). The 
data sources included tracked prototype usage, such as species checked and audio playback 
times, and responses to online questionnaires that elicited participant perspectives of the 
interface and audio analysis process. The quantitative data were analysed with descriptive 
statistics to build a picture of the prototype’s benefits and challenges. Themes were built 
from the qualitative data regarding audio recording length, participant time spent, and 
perspectives on the prototype’s functionality. 
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3.3.5 Extending Bird Walks for Effective Acoustic Analysis 
Chapter 8: Study 5 – The second exploratory prototype assessed 42 participants’ experience 
in matching short, unlabelled segments of recorded audio to example birdcalls while on a 
bird walk around Australia. The findings from this investigation contributed to determining 
the feasibility of acoustic analysis and verifying observations. The computer interfaces for 
travelling between locations and prompting birdcall identifications addressed the third 
research sub-question (SQ3). Data from this study included detailed reports on participant 
actions while using the prototype and their responses to an online questionnaire. The 
prototype usage data were aggregated and analysed using descriptive statistics to evaluate 
participant responses compared to the labels known to the researcher. The qualitative 
analysis obtained participant demographics and prior experience through thematic analysis. 
This was coupled with participants’ evaluation of the prototype and perspectives on 
elements such as species information, the virtual bird walk interface, and feedback provided 
by the prototype. 
3.3.6 Evaluation of Research Quality 
A part of the research methodology is managing research quality and rigor. Research quality 
is assessed in various way depending on the type of research: for qualitive research, it is 
important to reflect on personal bias and potential underlying influences, as it is difficult to 
ensure reproducibility when the key to a trial or evaluation is the people involved (Brown, 
Reeves, & Sherwood, 2011). 
There is little agreement on a single comprehensive method of qualitative data analysis. The 
process is inherently subjective, as results will change between researchers and participants. 
To address this, two aspects need to be considered when evaluating the analysis of 
qualitative data: validity and reflexivity. Validity is how closely findings from qualitative 
research match reality and provide genuine reasons for events. Researchers can assess this 
through honestly considering findings, in light of their experiences, when collecting data and 
interacting with participants. Reflexivity is the loop from qualitative findings to researcher 
reflection and back. It is important that qualitative researchers often review their own 
background and personal bias. This can ensure findings from data collection and analysis are 
judged with relation to the circumstances in which they were collected, and include the 
potential influences on choices made by the researcher. 
There is the opportunity, as part of this thesis, for developing a ‘gold standard’ of birdcall 
identifications in recorded audio. This would be useful as a point of comparison between the 
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studies in this thesis, and as an outcome that may be useful to other researchers. A ‘gold 
standard’ may be more useful than ‘authoritative’ data sources for assessing birds likely to 
be present in a geographical area, as the development of a standard reference would be 
more closely evaluated by birders from diverse backgrounds. There is a major issue with ‘gold 
standard’ references: namely that they require extensive effort and time to create, and are 
difficult to update as ecosystems change. Data collected as part of the usual operations of a 
government or conservation organisation are more likely to remain current. For this reason, 
‘authoritative’ data sources are used in this thesis to assess identification performance in 
preference to developing a ‘gold standard’, which is outside the scope of both this research 
and the expertise of the author. 
The process of design is sometimes considered a ‘black box’: the inputs and outputs are 
catalogued and can be evaluated; however, the process that moves from research problem 
to potential solution or implementation as a prototype is difficult to capture and unique to 
each researcher (Zimmerman, Forlizzi, & Evenson, 2007). It is possible to document and 
discuss this process, such as with iterations of software development based on user 
feedback, or providing intermediate steps in coding interviews. However, this may not 
provide enough information to re-create a study, and can limit the generalisability of 
research. It must be noted, however, that generalisability is not always desirable, nor 
expected, particularly when the goal is to understand a specific community or activity. 
The methodology used in this thesis implies some limitations in the analysis techniques, data 
sources, and evaluation. Generalisability is a main limitation, as the outcomes cannot be 
easily applied to other groups. Given that the goal of this research is to prototype and 
evaluate designs tailored for birders, this is an intentional limitation and enables the research 
to contribute insights and designs more useful to the participants. A related limitation is the 
analysis techniques, which are documented in terms of procedure and steps taken, include a 
large proportion of judgement and critical thinking by the researcher. For example, the 
decision to include a statement in an interview in one category or theme rather than another 
is subjective, and may change depending on the researcher, with no objectively ‘correct’ 
answer.  
Data sources and research quality assessment are also dependent on the locations and 
resources available to a researcher, which will change between researchers and over time. 
These limitations do not invalidate the results. It needs to be clear that the outcomes and 
contributions are tied to people, places, and resources. For this thesis, the recruitment of 
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participants was restricted to South East Queensland, Australia; participants recruited would 
be more likely to be those active in birding communities rather than those who bird alone; 
participants are mainly people able to travel and attend events; and participants have access 
to computers and the Internet; participants need to be able to see and hear. These 
restrictions describe the most common attributes of birders in Australia and other developed 
countries. 
 Finally, although Appendices D and E show the transcript summary for an interview and the 
coding step after summarising all interviews, they also demonstrate the process followed for 
other studies in this thesis. The key processes the studies have in common are development 
of summaries of statements or observations, allocating categories from the perspective of 
the participant as well as themes from the perspective of the researcher, and critical 
appraisal by the researcher to develop insights. Although research quality can be difficult to 
objectively rate, discussion of the lines of thought and steps in analysis can help to document 
the journey from data collection to research contribution. 
 Participants and Ethics 
Birders were an appropriate community to target, due to the widespread availability of 
birders and the previous and continuing collaboration between birders and scientists. These 
relationships have tensions in the balance between birders’ experience, dedication, and 
enjoyment, and the need for a scientific approach to satisfy peer review and provide verified 
data. The exploratory prototypes, translations of birding activities, and interviews developed 
to address the research question required participants to complete an activity and then 
evaluate their experience, as well as detail their established activities and participation in 
communities through the interviews. 
The participants were an essential component of this study. Each investigation involved a 
different set and number of participants. All people who took part in this research were 
unpaid volunteers. They were informed via approved ethics documents (see section 3.3.1, 
and Appendix A: Ethics Approval Email and Appendix B: Participant Information) of the 
activities they chose to complete and the responsibilities of the researchers. Participant 
identities were protected through anonymization. The identifiers P1 through P10 were used 
in Chapter 4 – Study 1, Chapter 5 – Study 2, and Chapter 7 – Study 4 to maintain participant 
anonymity. Selection criteria and purposive sampling identified potential participants via 
mailing lists, direct email and phone contact from researchers, and word-of-mouth. 
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Participant age ranges, gender proportion, as well as time spent and knowledge of birding 
for each study is outlined in Table 3.1. This data was recorded for Studies 1, 2, and 5, and was 
estimated for Studies 3 and 4. See Figure 1.2 in Chapter 1 for an overview of the methods 
and data used in each study. Almost all participants in each study had used audio recording 
and playback on a mobile device for birding, learning a language, or recording a video. The 
participants in Studies 1,2, and 5 also had previously used acoustic sensors and performed 
acoustic analysis, with assistance from people working as part of birding or conservation 
activities. 
Table 3.1 – Overview of participants’ age, gender, birding knowledge, and prior audio use 
 Age 
Range 
Gender 
Proportion 
Birding Knowledge and Time 
Chapter 4 
- Study 1 
Mid 30s 
to over 
65 
3 female 
6 male 
9 total 
10 to 50 years; self- described intermediate to 
expert birding levels 
Chapter 5 
– Study 2 
Mid 30s 
to over 
50 
2 female 
3 male 
5 total 
20 to over 50 years; self-described moderate to 
high birding and conservation knowledge 
Chapter 6 
– Study 3 
Mid 30s 
to 60s 
About 1 in 3 
were female 
22 total 
Range of birding experience; all participants 
were interested in birding as they were 
attending a BirdLife Queensland conference 
Chapter 7 
– Study 4 
40s to 
over 60 
1 female 
5 male 
6 total 
Self-described moderate to high birding 
knowledge 
Chapter 8 
– Study 5 
25 to 
over 54 
(gender not 
asked) 
34 total 
Bush walking only (40%) 
1 - 5 years (17%) 
5 - 20 (23%) 
More than 20 years (20%) 
Participant birding experience was mostly in 
Australia 
Around 50% had no birding experience 
Overall 25 to 
over 65 
1 in 3 or 4 
people were 
not male 
Almost everyone had been bush walking and 
had an interest in conservation. Apart from 
Study 5, participants had moderate to expert 
birding knowledge and extensive birding 
experience. 
 
3.4.1 Human Ethics Application 
The author submitted a low risk human research ethics application on 6 June 2012, together 
with Dr Anthony Truskinger, another member of the Ecoacoustics Research Group, and both 
supervisors. The ethics application was necessary because the exploratory website 
prototypes and in-the-field activities in this research involved people who would complete 
tasks and respond to questions. These participants needed to be informed about their 
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options, the procedure for participating, and the potential downsides and benefits of 
participating. The University Human Research Ethics Committee approved the ethics 
application on 18 June, 2012. The approval number was 1200000307. The ethics application 
covered the purpose and goals of this research, focusing on the use of the website, 
participants’ interaction with recorded audio, and the potential issues of interaction between 
participants and any changes to usual birding activities.  
The approval email and main participant information sheet are included in Appendix A and 
B. The participant information sheet for the Ecosounds website is included in Appendix F. 
Other participant information sheets for individual investigations are included in the relevant 
Appendix sections referenced in each Chapter. 
3.4.2 Recruitment Criteria 
Participants were approached through QUT’s publication mechanisms, birding mailing lists, 
word-of-mouth among birders, birders known to the research group, and existing 
collaborations with organisations interested in acoustic monitoring. All participants in the 
activities undertaken for this study were unpaid volunteers. They were informed of the 
purpose of the research, the activities involved, and how the results would be reported. 
The author recruited participants who met specific attributes. This screening was necessary 
to ensure participants were within the target audience for the study and possessed the 
necessary prior knowledge. Participants needed to meet these criteria for participation in 
Studies 1, 2, 3, and 4. Study 5 included both birders and non-birders. The people who 
participated as birders met all these criteria: 
 Personal participation in birding over at least a year. 
 Birding activities at a ‘local patch’ or property at least once every three weeks over a 
year. 
 Working knowledge of the birds likely and unlikely to be present at familiar locations. 
 In-person or online interaction with a birding community. 
 At least a minimal self-assessed ability to detect and recognise birds from their 
vocalisations. 
 Willing and able to listen to recorded audio using headphones or speakers. 
 Access to a desktop computer and internet connection. 
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3.4.3 Sampling 
The number of participants required for each investigation was determined based on the 
minimum number for meaningful results, and the maximum number of people the 
researcher could manage. All data collection investigations aimed for quality participation 
and responses from a small group of people, rather than limited information from a large 
group. Although 20 to 30 people is usually the minimum number of participants required 
when selecting from the general public, smaller sample sizes or more in-depth investigations 
are reasonable substitutes when the participant pool is limited (Lazar, Feng, & Hochheiser, 
2010). 
The sampling technique used was purposive or selective sampling, also known as 
‘conceptually driven sequential sampling’ (Miles, Huberman, & Saldana, 2013). Purposive 
sampling provides a basis for recruiting participants that is effective and transparent. It is also 
suitable to multiple parallel or sequential stages of data collection, where the investigations 
may overlap or build on previous results. This sampling process draws from participant 
criteria, when deciding who to include and how many participants is enough. The important 
aspect of qualitative sampling is to ensure participants can contribute relevant, richly 
textured, and in-depth knowledge. This study chose participants based on their qualification 
as an ‘expert’ for the purpose of the study (Trochim, 2006). The selection of participants was 
based, in part, on prior research detailing the demographics of people who undertook 
ecotourism mainly because of birding (Curtin, 2010; Hvenegaard, 2002). Attributes of birders 
are outlined in the literature review in Chapter 2, section 2.2. 
This method of sampling allowed participants who matched the criteria for the investigation 
to be recruited, without the requirement to create a large pool of potential candidates, 
where the candidates many not be willing or able to be involved. Random sampling was not 
feasible, due to the prior knowledge and experience required. It was also impractical to build 
a large pool of experts and randomly sample from this pool due to the relatively small 
number of people meeting the criteria, the need to meet in person, and the time required of 
participants to complete the activities.  
Selection of participants was restricted to the greater Brisbane area. Potential participants 
from around Australia were short-listed and contacted, however practical considerations 
prevented people from outside the greater Brisbane area becoming involved. These 
considerations were the expense and time required for the researcher to travel, the 
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arrangements and equipment necessary to conduct the research activities, and the time 
participants needed to allocate to be involved. 
 Prototype Computer Interfaces for Acoustic Analysis 
Two studies involved the design and evaluation of exploratory prototype computer 
interfaces. The user-centred design and Reflective Agile Iterative Design frameworks, 
described in the methodology chapter, section 3.1, tied in closely with the HCI approach to 
prototyping outlined in the literature review in Chapter 2, section 2.5.1. This section situates 
and examines the software development and evaluation methods for the two exploratory 
prototypes. It discusses the Ecoacoustics Research Group’s existing website and the research 
process of design, implementation, evaluation, and analysis for the prototype computer 
interfaces. 
Web development knowledge and experience played a substantial role in the design and 
development of the exploratory prototypes. Regular improvements to the research group’s 
website contributed to inspiration for the studies and word-of-mouth recruitment of 
participants. Development work continued throughout this study. The RAID methodology 
supported the timeline for development tasks for each prototype. Technical considerations, 
including browser support and framework functionality, influenced the development 
timeline. Collaboration and evaluation by birders was interdependent with implementation 
and maintenance requirements. The prototypes needed to provide outcomes that addressed 
the research question, while appealing to participants and functioning properly. 
3.5.1 Ecoacoustics Research Group website 
The Ecoacoustics Research Group has a public website (https://www.ecosounds.org) that is 
a workbench for acoustic data storage, organisation, and processing of long-duration 
environmental audio recordings (Wimmer et al., 2012). The goal of the website is to make 
recordings collected from sensors placed in the environment easily accessible to scientists, 
conservationists, and groups interested in maintaining records of ecological changes over 
time. As at January 2016, the website organises approximately 335,000 audio recordings with 
an overall duration of 22 years into around 80 distinct projects (see the example in Figure 
3.1).  
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Figure 3.1 – Project organisation on Ecoacoustics Research Group workbench website 
Temporary or permanent acoustic sensor devices supply audio recordings of the 
environment. The website organises the recordings into projects and sites, which form logical 
and geographical grouping. The acoustic data is available as spectrogram images, which 
birders can annotate by drawing a box on the spectrogram to indicate the detection and 
identification of an acoustic event (Figure 3.2). Knowledgeable people and automated 
analyses can create annotations. Experts assess the quality of the annotations, and birders 
carry out spot checks of the annotations in recordings from locations where they have 
extensive experience. This is done through visualising the times when recordings are 
available, and false colour spectrograms allowing an overview of the content of recordings 
(Figure 3.3) (Towsey, Zhang, et al., 2014).  
A spectrogram image can display audio as a greyscale or coloured image in three dimensions, 
for example: time (x axis), frequency (y axis), and amplitude (z axis, where pixel colour 
indicates the value). False colour spectrograms are like spectrograms apart from two aspects: 
they compress time on the x axis to be able to show up to a day in a similar amount of space, 
and the colour of the pixels (z axis) is linked to a combination of three acoustic indices (e.g. 
temporal entropy, spectral entropy, and the acoustic complexity index) rather than one index 
(amplitude). The use of three indices, combined using red, green, and blue colour 
components, enables the false colour spectrogram image to retain useful information 
despite the compressed x axis. 
Annotation: an acoustic event, 
defined by audio frequency 
and time, with tags identifying 
the contents
Audio recording: an audio file 
recorded by an acoustic 
sensor
Site: a geographical location, 
usually representing a single 
acoustic sensor
Project: a logical grouping of 
Sites with similar objectives Project
Site
Audio 
recording
Annotation Annotation
Site
Audio 
recording
Audio 
recording
Annotation
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Scientists can use the annotations as observations in environmental studies and predicting 
faunal population trends. The annotation process is a loop between automated analysis and 
birders, where algorithms narrow the amount of data to assess, and birders create 
annotations and check the accuracy of the automated analyses, providing additional data for 
automated analysis. 
 
 
Figure 3.2 – Ecosounds Listen page showing annotated spectrogram 
 
Figure 3.3 – Recording timeline and false colour spectrogram visualisation for a site 
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Audio data can be analysed any number of times, and annotations can be verified by 
referencing the original audio. There are many potential classifications available, including 
multiple classes per avian species due to regional variation and different types of calls. 
Additional information such as geographic location and photographs of the area surrounding 
a sensor, are available to provide context to the acoustic data. The Ecoacoustics Research 
Group manages the website, servers, data storage, and software development. The group 
loans out sensors for interested organisations to record environmental sounds. Some 
analysis activities are also undertaken, typically in the interest of creating easier methods for 
browsing audio quickly and providing transparency into the content of the audio (Truskinger, 
Cottman-Fields, Eichinski, Towsey, & Roe, 2014). 
3.5.2 Technical Considerations: Servers, Platforms, and Libraries 
The research group’s website is composed of several technologies, platforms, services, and 
operating systems. The professional software development experience of the members of 
the Ecoacoustics research group, including the author, made it possible for the system to be 
built and maintained. These technical decisions were part of the considerations in preparing 
the exploratory prototypes. The author was employed to work on the main website as a 
research assistant. This included responsibilities such as server maintenance, audio file 
conversion and organisation, software upgrades, website deployment, virtual machine (VM) 
commissioning, and permissions management. This section highlights the technical aspects 
of the research group’s website and the prototype designs. 
The core of the Ecoacoustics research group’s acoustic data storage and processing 
infrastructure is a set of VMs running Ubuntu Linux that are hosted by the National eResearch 
Collaboration Tools and Resources project (NeCTAR) through the Queensland Cyber 
Infrastructure Foundation (QCIF). Table 3.2 provides details of the resources, platforms, 
systems, services, and languages used. More information can be found in the research 
group’s 2014 IEEE BDCloud peer reviewed publication Practical Analysis of Big Acoustic 
Sensor Data for Environmental Monitoring (Truskinger et al., 2014). 
Table 3.2 – Resources, platforms, systems, services, and languages used in the Ecoacoustics research group's 
website. 
Name Description 
Web server (1 – 2 
VMs) 
The website is written in the Ruby programming language, using the 
Ruby on Rails web framework. Many open source libraries (‘gems’) 
were added for additional functionality. The Nginx web servers 
provide public access using the Passenger Ruby processor. AngularJS 
and Ruby on Rails are used for the client-side interface. Previous 
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versions of the website were written in C# using Microsoft’s ASP.Net 
platform running on Windows Server and Microsoft’s Internet 
Information Services.  
Database server (1 
VM) 
Each database server runs PostgreSQL, an open source relational 
database management system (RDBMS), and Redis, a key-value 
structured data store. 
Worker machines 
(3 – 10 VMs) 
The worker machines run up to 10 instances of custom command-line 
programs that process audio, create spectrograms, and run analysis 
requests. Resque, a library for asynchronous job processing written 
in Ruby, uses Redis to store job information. 
File storage All audio and spectrogram image files are stored on a network file 
system (NFS) mounted endpoint dedicated to the Ecoacoustics 
project. 
 
Other notable aspects of the system are the custom-built interface for audio playback and 
spectrogram annotation (Wimmer et al., 2012), visualisations of the dates and times audio 
data are available, and a robust application programming interface (API). The visualisations 
include false colour spectrograms, developed by other members of the research group, 
which provide a compressed overview of the content of audio data (Towsey, Zhang, et al., 
2014). The API, created by the author, provides access to all the textual and acoustic data 
through a consistent machine-readable interface. It also includes a powerful filtering 
endpoint used extensively in the AngularJS website frontend. These platforms formed the 
foundation of the website, and were used to create the exploratory prototypes. Experience 
and knowledge of Ruby on Rails and the associated libraries used to build the research 
group’s website were essential for the research investigations. This situation allowed for 
focus on the development of prototype functionality and short duration iterations. The 
AngularJS client-side library was key in providing straightforward development of dynamic 
web interfaces that could easily be modified and track user actions for later analysis. 
Website prototype development and participation in birding activities were mutually 
beneficial in understanding the current state of birding practices, and the potential for the 
prototypes to improve analysis of recorded audio. The software development was inter-
dependent with the collaboration and evaluation: feedback from birders was necessary and 
welcomed for both the research group’s website and the prototypes. The main conflict was 
between developing functionality in a robust and future-proof way, compared to quickly 
‘hacked together’ code for functionality that just needed to work as quickly as possible. It 
was also beneficial, as a research student, to gain and maintain software development skills 
as part of the PhD degree work. Managing the expectations of birders and research 
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requirements was a significant part of the development of prototypes and the research 
group’s website. 
The maintenance of prototypes beyond the evaluation period was considered. While the two 
exploratory website prototypes were not intended for use in an on-going manner, research 
archival requirements and subsequent re-analysis of data made it necessary to continue 
maintenance. This was a concern due to the fast pace of change of the website, migrations 
between hosting providers, and changing framework versions. 
3.5.3 Exploratory Prototypes: Motivation and Design Approach 
The two website prototypes depended on software development beyond scripted 
automation of data analysis, which is a marked amount of development not regularly present 
in a research project. A component of computer-supported cooperative work (CSCW), put 
forward by the Association for Computing Machinery (ACM) CSCW Conference, is “reframing 
what may appear to be technical or seemingly mundane aspects of scientific work practice as 
lying within the scope of CSCW design challenges” (Jirotka, Lee, & Olson, 2013, p. 32). 
Birders are continuously involved in the Ecoacoustics Research Group’s website. This 
involvement was part of the inspiration for the exploratory prototypes. Users and 
communities who were involved in projects using the existing website aided in recruitment 
of participants for the exploratory prototype activities. Close collaboration between the 
research group and birders provided valuable information and feedback over the duration of 
the research of this thesis. This included semi-regular discussion with members of birding 
groups and communication over email regarding interface improvements and clarification of 
annotation procedure. Procedures and resources that proved beneficial or difficult for 
birders gave motivation and direction for translating and extending paper-based or ‘in the 
field’ activities to web-based activities. 
Birders played an important role during construction and in evaluating exploratory 
prototypes. Prototypes underwent detailed evaluation through actual use and responses to 
online questionnaires. Birders’ enjoyment and frustrations of current practices guided 
prototype designs, while their expectations and ideas during prototype construction and 
initial testing provided valuable feedback. Throughout the three years of the study, the 
research group collaborated and ran joint activities with birders and conservation groups. 
The author was involved in discussions, demos, and sketches for website development work 
based on the needs of birders. 
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Informal interactions took place during bird walks, in participants’ homes, and as part of 
meetings to discuss acoustic sensor deployment plans. These occasions were mainly 
opportunistic. The created checklist prototype was based on the common usage of the Atlas 
Record Form, and the need to encourage detection and identification of a broader range of 
bird species. This drove the restriction of identifying each species only once in five minutes 
of recorded audio. The bird vocalisation and training prototype evolved from a lack of 
knowledge about the veracity of annotations and the labels assigned to annotations. 
Researchers, birders, and ecologists were all keen to have some indication of the validity of 
observations. The training aspect of the prototype was included to enable people with 
limited birding knowledge to participate – a citizen science approach to validating 
observations. 
Changes to the research group’s website arose in similar ways. A conversation was started, 
due to comments regarding the example annotated spectrograms used in the bird 
vocalisation and training prototype. This led to the development of a naïve method of sorting 
annotations based on how similar they were to an annotation, using duration and frequency 
attributes. Another improvement arose from the common situation of limited Internet 
download quota. A solution was developed using Microsoft’s Silverlight web browser plugin, 
to enable audio to be loaded from a local cache rather than requiring large downloads. A 
third change was prompted by many birders expressing frustration at being unable to easily 
access recordings made on specific dates and times due to the large amount of recorded 
audio. This concern was eventually addressed using a novel, custom-made zooming timeline 
interface. 
The participation of birders and conservation group members in deploying acoustic sensors 
was also a fruitful avenue for collaboration and feedback regarding all aspects of the 
environmental monitoring project. Initial deployment plans often included discussion of how 
the data would be reviewed once it was recorded. Everyone was acutely aware of the 
overwhelming amount of data, and averse to spending large amounts of time analysing 
acoustic data through human annotation. Automated analysis methods were incorporated 
into acoustic sensing plans; however, this was usually intended only to reduce the amount of 
data to be looked at by birders. Most automated analysis was performed on an ad-hoc, as-
needed basis. It has proved difficult to create a generic interface for automated analysis that 
was acceptable to birders and conservation groups. 
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The reflective and iterative approaches to design, adopted as part of the RAID methodology, 
are valuable in promoting collaboration. Reflection on the prototype designs aid in investing 
time into features such as detailed species information, photographs of the locations used in 
the bird vocalisation training and verification prototype, and filters to ease working with the 
online form version of the Atlas Record Form. Rapid evaluation by birders of features under 
consideration between development iterations aids in creating prototypes that were useful 
and usable. 
The evaluation of the website prototypes was based on previous research into the attributes 
of websites and how to assess them, as well as participatory design and evaluation. Attribute 
assessment was based on criteria for evaluating appropriateness of websites assembled and 
tested by Hong and Kim (2004). Their design principles separated user goals into utilitarian 
and experiential, with three principles: robustness of a website in the face of threats, the 
features of a website, and the appeal of interaction possibilities. The participatory design 
aspect was built from the engagement and reciprocity perspective used by Brereton et al. 
(2014) and the ‘being participated’ approach to evaluating prototypes of Winschiers-
Theophilus et al. (2010). 
There is a wealth of literature and discussion around laboratory and in the field testing of 
devices and procedures designed to modify participants’ activities. The studies in this thesis 
augmented and extended current birding activities. The process for doing this became 
clearer along the way, particularly when meeting and getting to know people, as part of 
entering an established expert community. 
3.5.4 Exploratory Prototypes: Implementation and Evaluation 
Software design and development skills formed a crucial part of this thesis. The investigations 
depended on web development experience to create prototype websites. Ongoing 
development of the Ecoacoustics Research Group’s website also played a supporting role for 
managing and displaying recorded audio. The prototypes were built on top of the research 
group’s existing system, which provided the basic functionality, including processing of audio 
files and user authentication. Feedback was gathered from prototype evaluation activities 
and birders through online questionnaires, passive tracking, observation during use, and 
informal usability evaluation methods. The process of creating, modifying, and evaluating the 
software used in this thesis is documented and discussed in this section. 
The aim was to develop and evaluate novel exploratory prototypes, incorporating knowledge 
from literature in interface evaluation and experience in software development. The 
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prototype websites were essential to exploring the research question. The author 
implemented the prototypes. The methods and tools used for the software development 
were existing and widely used programming languages, platforms, libraries, and procedures. 
They were chosen purposefully to align with the research group’s website and enable 
iterative and fast-paced development. This included the Ruby on Rails framework and HTML, 
CSS, and AngularJS for the website; PostgreSQL and the SQL language for the database; and 
Apache and Passenger for the webserver. These choices aided in constructing the prototypes 
quickly and implementing changes in an iterative manner. The development skills and 
experience of the author ensured that building prototypes for this study was practical. The 
exploratory prototypes would not have been possible without this web development 
background and experience. 
Some evaluation methods required the researcher to be present when a participant was 
completing a prototype activity, while other methods enabled participants to undertake the 
activity at their leisure. These methods included passive observation and active questioning 
of participant’s actions, tracking of actions taken during prototype activities, and cognitive 
walkthroughs to explore the website and match user goals to actual activities. The researcher 
directly observed around a quarter of participants for each prototype activity. Logging actual 
use and online questionnaires were the two main methods of evaluation using data rather 
than observation of use. Logging actual use gives a clear quantitative idea about exactly what 
users do while using the website. It is an impartial way to determine the most common paths 
and actions. Logs combined with questionnaires provided information about why the users 
performed the actions they did.  
Cognitive walkthroughs were carried out as part of developing the prototypes, which 
included email exchanges with birders to gain their assessment of the prototype before it 
was evaluated. Cognitive walkthroughs (Spencer, 2000) are a method of inspecting a story to 
see how an interface is used. The purpose is to identify steps that are difficult to achieve, or 
are not driven by a goal a user will have. The aim of a cognitive walkthrough is to identify 
problems. There are two questions at each step: 
1. Will the user know what to do at this step? 
2. If the user does the right thing: 
a. will they know they did the right thing, and; 
b. are they making progress towards their goal? 
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There is a wide range of questionnaire designs, many with specific goals for what is to be 
evaluated. These designs have been established to be reliable through constant use and 
academic review, however many were developed for older computing systems, and require 
some modification for modern web-based systems. One aspect of the research will be 
evaluating website interfaces and participants’ interaction with the website. There are some 
unusual interactions required in the case of audio and spectrograms, but the general 
evaluation is well suited to typical website interface evaluations. There are several usability 
questionnaires available, each with different methods and rating scales. According to Tullis 
and Stetson (2004), even at the small sample sizes used in many usability tests, the results of 
standard questionnaires can still be indicative. A sample size of 12 users seems to be the 
absolute minimum for getting any reliable information. 
The interaction that takes place in the website is important in constructing the evaluation. A 
story – a sequence of events or narrative – is a crucial aspect to engaging users. The social 
experience and feedback to a user are also determining factors in the loyalty a user will feel 
towards the website (Choi & Kim, 2004). When designing the method of evaluation, these 
factors were considered. Hong & Kim (2004) proposed evaluation criteria adapted from those 
used for buildings, based on the similarities in objectives and dependence on user 
perspectives. The three views on building architecture are structural robustness, appropriate 
spaces, and aesthetic appeal. Applied to websites, Hong & Kim suggest that ‘robustness’ is 
the ability of a website to overcome threats, for users to feel secure. ‘Appropriate spaces’ 
relates to websites including features and interaction possibilities that match the goals of 
users of the website. The appeal of the interaction with the website and interaction between 
users is the ‘aesthetic’ dimension. These criteria, along with the classification of websites, 
may be useful in identifying where the prototypes should be located within these 
classifications. It was helpful in constructing questions to elicit responses about specific 
aspects of the website. 
Although resource constraints on information and communication technologies are 
common, the integration of the design and development of systems and technologies 
appears to be more important than the amount of resources (Wiggins, 2013). It is a 
continuing challenge to engage people, integrate theory, design and develop software, and 
produce reliable results. As Wiggins notes, monitoring projects may have unique and 
potentially powerful relationships and resources available. This reduces the applications for 
generalised approaches; however, it increases the need to combine technological solutions 
with knowledge of participants and data quality requirements. Although technology resource 
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limitations can be overcome by alternate means, large datasets and complex analysis 
methods necessitate technological support. The large amount of audio recorded in the 
natural terrestrial environment used in this study lends itself to the development of software 
specifically to address the research question. 
 Timeline 
The planning, data collection, analysis, and thesis writing took place from the start of 2012 
to the end of 2014. Activities over this period included five studies, coursework, academic 
publication submissions, conference presentations, a human ethics application, and field 
studies such as participation in bird walks (Figure 3.5). 
The first six months involved understanding the university requirements for research, 
completing the introductory coursework, and writing the Stage 2 document. The coursework 
included IFN001 Advanced Information Research Skills, an introduction to research and 
university facilities; INN700 Introduction to Research, a unit focusing on the skills required to 
complete the Stage 2 document; and, INN701 Advanced Research Topics, a unit composed 
of modules offering in-depth study of research methodologies. 
The research milestones included a Stage 2 document in 2012, the confirmation and 
articulation document and presentation in 2013, annual progress reports, the final seminar 
in 2015, and writing this thesis over 2014 to 2016. There were five studies, one in 2012, one 
in 2013, and three in 2014. The data from these studies were the basis for two peer-reviewed 
publications. 
The investigations were non-sequential, due to expansion in scope of the research following 
articulation of the author from a Masters of Information Technology by research, to a Doctor 
of Philosophy in Human Computer Interaction. The expanded research involved work in the 
field collaborating with birders, and exploring the integration of acoustic sensing into birding 
activities. The investigations also needed to accommodate the availability of participants. 
Each study lasted for between two and four months; this included design work, collaborating 
with birders, software development, and analysis of the results. 
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Figure 3.4 – Thesis timeline and major activities 
  
Fourth Year (2015 and 2016)
Thesis writing Final Seminar Change to part time Thesis Submission
Third Year (2014)
BirdLife Conference 
(SQ3)
Acoustic Sensing by 
Birders (SQ2)
Interviews with 
Birders (SQ1) Data Analysis
Second Year (2013)
Bird Walk Prototype 
(SQ3)
Confirmation and 
Articulation to PhD
Planning for 
Expanded PhD 
Research Design
PDC 2014 paper
First year (2012)
Coursework Stage 2 Checklist Prototype (SQ3) CHI 2012 paper
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 Summary 
This chapter described the research design. The two guiding frameworks were user-centred 
design and RAID. They ensured the design focus remained on the participants and their 
needs, and eased the combination of design and software development for the exploratory 
prototypes. Interviews and field study methods were used to investigate the background and 
experiences of birders and how birders might incorporate acoustic sensing into birding 
activities. Exploratory prototypes and online questionnaires enabled the implementation and 
evaluation of computer interfaces, for birders to identify birdcalls in recorded audio from the 
natural, terrestrial environment. Two first author, peer-reviewed papers were published that 
included data, analysis, and results from this thesis. 
An approved ethics process ensured that participants in the investigations understood their 
involvement, and the way in which data was managed and reported. Participants were 
recruited using purposive sampling, as participation required specific prior knowledge. A 
more typical approach – no prior knowledge requirement – was not possible for this thesis, 
due to the need for participants to identify birds by their calls in recorded audio. The author’s 
software development skills enabled the design and construction of exploratory website 
prototypes, which were evaluated by birders, in the context of their birding activities. 
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Chapter 4: Study 1 – Australian Birders’ Backgrounds and Use 
of Recorded Audio 
This chapter investigated Australian birders’ backgrounds, birding activities, and current use 
of recorded audio to address the first research question (SQ1). This information was needed 
to understand how birders might incorporate recorded audio into their birding routines, 
discussed in the literature in Chapter 2, sections 2.1 and 2.2. The introduction and literature 
review chapters established the ecological applications for acoustic monitoring and the 
current difficulties around extracting information from acoustic data. Birders have 
experience and skills in identifying birds from their calls, which could complement automated 
analysis of recorded audio. The interviews in this chapter provide insights into individual 
birders’ experiences of birding. This chapter presents the analysis of transcribed interview 
recordings articulating the participant’s experience and dedication, as well as categories and 
themes from the research perspective. The findings include birders’ dedication, attention to 
their local patch and observation records, as well as their current and desired use of recorded 
audio. These findings allowed for the following studies to be conducted with a firm 
understanding of the participants’ birding practices. 
 Overview 
The interviews in this chapter aimed for an extensive, yet nuanced, understanding of the 
backgrounds and experiences of people who enjoy birding. While detailed research has been 
done regarding ecotourism and birding in Queensland (Kim et al., 2010) and Australia (Jones 
et al., 2001; Lawton, 2009), research is less mature in the area of local engagement in birding 
for serious leisure (Scott, 2012). The citizen science approach for collecting observations has 
delved into this space (Barnes et al., 2015; Wilson et al., 2011) through bird lists and 
organised observations by groups of concerned citizens. The purpose of the interviews was 
to collect accounts of the regular, personal activity of experienced birders, including their 
perspective on recorded audio. 
Recorded audio has been utilised by birders, although people who are researchers foremost 
have performed the majority of audio recording (J. Sullivan, 2012). One example is 
Constantine’s The Sound Approach to Birding (2006). Therefore, the interviews focused on 
contributing stories of Australian birders’ backgrounds and experiences of sound in their 
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birding activities. The process of creating interview questions drew on the acoustic 
monitoring and birding literature discussed in chapter 2. 
Interviews were the method of choice for obtaining very detailed and highly textured 
qualitative data for a small group of people. This method could reveal birders’ engagement 
with geographic locations they knew well, and provide insights and practicalities for 
extending established birding practices to include recorded audio. A qualitative approach 
gave the best opportunity for identifying viewpoints, experiences, differences, and 
commonalities among the participants. 
Outcomes from the interviews indicated that some birding applications included recorded 
calls, which the participants appreciated. Most participants were keen to use acoustic sensing 
to perform observations when they could not be present at their local patch. Analysis of the 
participants’ perspectives on birding, their activities, and their observations resulted in 
textured accounts of individual experiences. Some participants recorded detailed 
observation notes, involving field notes of all aspects of birds, which were included in a life-
list and personal journal. Other participants recorded only the most exciting experiences, 
preferring to share observations with those present in the moment. Participants described a 
broad set of motivations for birding, including obsessive twitchers and ‘life-listers’; people 
keen to build and share knowledge; people who opportunistically observed birds without 
investing large amounts of effort; and those focused on particular habitats or species. 
The importance of results from interview coding and analysis was to contribute knowledge 
of the personal experiences of birders in Australia and their opinions on how recorded audio 
might benefit or challenge their current practices. The interviews contributed a sense of the 
passion of people that enjoy birding, their work and personal backgrounds, and how they 
pursue their birding interests. It was important to conduct these interviews to get a better 
understanding of the people involved in birding. The findings aided in understanding 
responses to the exploratory prototypes, provided a backdrop to participant experiences 
during the birdcall identification and acoustic monitoring activities, and established a 
foundation for understanding birding activities in Australia. 
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 Design and Method 
The interviews aimed to gather detailed information about the personal experiences of 
birders and their roles in birding and conservation communities. The participants 
represented an array of life experience and varied knowledge focus. All participants were 
knowledgeable birders, through years of birding experience. This subsection describes the 
methods of recruitment, conduct of the interviews, and subsequent transcript analysis. 
4.2.1 Interviews 
Interviews for this study involved consistent questions between participants of varied 
backgrounds. The participants were recruited through local Brisbane birding and 
conservation groups, as well as via the BirdLife Australia mailing list, using the purposive 
sampling method defined in Chapter 3, section 3.4.3. Approximately 20 people expressed 
interest in being interviewed through responses over email and word of mouth among local 
groups. The timeframe and scheduling conflicts resulted in nine people being interviewed. 
Between six and twelve interviews were desired (Guest, Bunce, & Johnson, 2006). The author 
conducted nine interviews with birders. Five interviews took place at a location chosen by 
the participant, three via email exchanges, and one over the phone. The in-person and phone 
interviews were consistently of 30 minutes’ duration. The in-person interviews were held in 
situations where the participant was comfortable, this usually being their home. Phone and 
email interviews were conducted only when in-person meetings were impractical. The 
participants met the criterion specified in Chapter 3, section 3.4.2 to be an experienced 
birder: these included regular visits to the same location for birding, being a member of a 
local birding community, and interest in or previous use of using recorded audio for birding.  
There were 21 interview questions, divided between personal background, birding activities 
and locations, current use of audio, challenges and benefits of birding, and discussion of the 
Ecoacoustics research group's activities. The questions prompted details of how personal 
observation records were kept, and of how participants detected and identified birds. The 
exact interview questions, and additional interviewer prompts, are included in Appendix C. 
A sample summary of one interview transcript is included in Appendix D, with the codes and 
categories included in Appendix E. These questions aimed to prompt responses relevant to 
the research question. For example, asking about what drew participants into birding, and 
why, where, and how often they undertake birding. Participants were also asked how they 
expected recorded audio to modify their birding practices, their personal strengths and 
weaknesses when birding, and their view on different approaches to birding. There were 
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some modifications and diversion into related topics during the interviews. This enabled the 
interviews to tailor to the interests of the participant, and elaborate on their specific areas 
of experience and knowledge. Every in-person interview included short intervals where the 
researcher and participant discussed birdcalls that they could hear at the time. Email 
interviews involved the same set of questions, as well as focused follow-up clarification 
questions to explore unusual statements or areas in which the responses were particularly 
passionate. 
A handheld voice recorder digitised the interviews in mp3 format at 128 kilobits per second 
bitrate. The voice recorder was about 0.5 metres from the interviewer and participant. Each 
interview resulted in an approximately 30-megabyte audio file. An experienced transcriber 
completed transcription of the recorded interviews using transcription software and a foot 
pedal to control the audio playback. They were instructed to transcribe without editing, apart 
from removing speech pauses and hesitations. There were also instances of birdcalls 
mimicked by people; these were to be expressed as closely as possible in onomatopoeic 
words. The transcriptions included the current position of the audio recording at the top of 
each page, for ease of reference back to the original recordings. 
4.2.2 Analysis 
The analyses of interview transcripts aimed to develop nuanced accounts of personal 
experiences of birders, which formed the context for exploring birders’ opinions and 
expectations for integrating recorded audio into birding activities. The analysis began with 
participant statements, with analysis focusing on their descriptions and meanings.  
The interview transcript text was analysed using content, thematic, and comparative 
analyses. Kvale and Brinkmann’s InterViews book (2009) guided the analysis of the text. 
Content analysis involved a thorough reading of each transcript, resulting in comprehensive 
notes. Codes were developed from the notes by assigning quotes, concepts, and experiences 
to small, labelled groups. The codes were organised into categories that highlighted shared 
activities and intriguing outliers. Thematic analysis is an inductive approach to building theory 
through gradually piecing together topics from observations and categorised patterns among 
participants. Themes were developed from the interviews via interpretation of the activities, 
concepts, experiences, and relationships described by the participants. Themes discussed the 
findings by adopting the perspective of the research question, comparing back to the source 
interview transcripts, and including concepts from academic literature. 
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Comparative analysis involved crosschecking between interviews and within interviews, 
mixing raw data, and codes, to ensure conclusions were based in clear understanding of the 
participants’ intended meanings. Throughout the analysis of the interview transcripts, it was 
necessary to retain a sense of the power balance in the relationships between the researcher 
and the participants. Interpreting statements made by people requires context and nuance 
to produce relevant and useful information. Each step of the analysis included consulting the 
transcript to reduce the likelihood of introducing bias or skewed interpretations. Findings 
attributed to participant’s statements and actions were the result of interpretation by the 
researcher through assigning meaning and reducing transcripts to words and phrases. 
The process for analysing the interviews followed six steps, producing findings from the 
participant’s perspective as categories and themes from the research perspective: 
1. The initial task was to read all interview transcripts and create a summary for each 
that used simplified participant statements and quotes. The goal was to keep the 
participant’s expression while removing extraneous words. A sample transcript 
summary is included in Appendix D. 
2. The second step distilled ‘units of meaning’ or atomic concepts, ideas, and 
experiences from the summaries. This meaning condensation stage combined the 
summaries for each interview and categorised participant’s statements. Categories 
were phrases and descriptions from the summaries, organised into related groups of 
concepts, activities, and descriptions. Appendix E contains the codes and categories 
as extracted from all interview transcript summaries. 
3. The third step involved restating dominant categories from the participants’ point of 
view, which were drawn from categorised statements and recurring topics. The 
interpretation in steps two and three required reflection on the personal bias of the 
researcher to ensure the distilled information remained as true to participant 
statements as possible. 
4. The fourth step returned to research sub-question 1. The themes were distilled and 
evaluated from the perspective of the research question. This involved moving from 
the ‘self-understanding’ presented by the participants, to a critical understanding 
informed by general knowledge of the birding pastime. This was the point where 
critical analysis of the participants’ statements was appropriate. 
5. The validity of the themes drawn from the source interviews and categorisation was 
checked in step five. The comparison of themes and interpretation, with the original 
 110   
statements of participants, confirmed whether the interpretation was a suitable 
representation. 
6. The final step was to discuss the interviews through incorporation of academic 
theories and literature. This step identified relationships and comparisons between 
the themes, presenting findings drawn from the analysis process. 
A transcript necessarily loses some of the participant’s expression and tone. There was 
subjectivity in describing sounds that are not words, as well as choosing which words to 
include when they were obscured through noise or low volume. Transcript reliability was 
checked through sampling 30-second duration segments of the interview recordings to 
compare the original recordings with the transcriptions. The categories and themes derived 
from analysis of the transcripts provided concise information about birders’ activities and 
experiences, backed by findings in prior research. 
Methods of text analysis using programs such as NVivo or Leximancer were trialled; however, 
this avenue was not pursued. The amount of text to be analysed was not sufficient to warrant 
fully automated or even semi-automated analysis. In addition, the focus was on both 
similarities and differences between participants, using phrases and paragraphs, rather than 
words, to demonstrate the relationships. The codes are included in Appendix E. 
 Categories 
These findings were obtained through analysis of the transcribed interviews. The analysis 
formed categories of common and uncommon elements. All categories were related to the 
personal experiences and activities of birders, as well as their use of recorded audio. The 
identifiers P1 through P9 were assigned to maintain participant anonymity.  
The findings were reported in third person, with a focus on the participant’s expression. 
Quotes from the interviews were included to illustrate key points and provide a sense of the 
participant’s experience and knowledge. In the quotes in this section, square brackets 
indicate edits. An ellipsis in square brackets (i.e. “[…]”) indicated removal of one or more 
words, while other text in square brackets (e.g. “at [my property]”) indicated the addition of 
content, usually to condense or anonymise some information. 
These wide-ranging interview questions were an important component in this study to 
represent the everyday activities and events of birding. Four categories of findings were 
identified: participant backgrounds, including participants’ personal background, work, and 
approach to conservation. Birding activities were next, such as everyday experiences, special 
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aspects of the local patch, and social interaction during birding. The third category was 
observations, particularly records of observations and current use of recorded audio. The 
final category discusses the participants’ impressions of various motivations for birding. 
4.3.1 Participant backgrounds 
Participants had participated in birding and other ecological pursuits, such as conservation 
or land management, for a broad range of time: from around 10 years for P2 and P6, 20 years 
for P3, P8, and P9, to 30 to 50 years for P1, P4, P5, and P7. Working in conservation 
management was the result of life-long interest for P4, who had obtained qualifications in 
environmental fields of study. P3 became interested in birding after a physical injury required 
them to slow down and shift focus from their career and sport. Family, relatives, or friends 
introduced P2, P6, P7, and P8 to birding and conservation pastimes, which sparked their on-
going participation. 
“I’ve kept a record of the birds on our place since [the 1970s], and over the last 3 years I’ve 
taken it a lot more seriously. […] We’ve seen [around 160] species here and I’ve photographed 
[almost all] of them. […] I’m not that interested in general birding, […] I’m more interested in 
a very intensive birding on our own place here.” – P5 
“It was marvellous seeing them; you’d see birds of every nature out there.” – P1 
Some birders found their career enabled their love of birding, while others needed to fit in 
birding around their paid work. P1 and P2 took enthusiastic advantage of the birding 
opportunities their work offered, due to regular travel and a requirement to be out in the 
field.  
While birding was a secondary activity to work for P1, P2, and P4, their interest in birding was 
equal or greater to their everyday work and was a prime use of leisure time. P1 and P5 were 
inspired to invest further in conservation and birding work due to their jobs in managing and 
cultivating natural resources. P3 and P5 purposefully engaged more regularly in birding after 
retiring. Other participants were neutral about the relationship between their work and 
birding activity. P3, P9, and P2 were dedicated to conservation and birding despite working 
in jobs that had very little to do with the environment. P4 and P8 related their chosen 
professions, which were related to flora and fauna, to their engagement in birding. 
“I began birding when I was [quite young], I would go into the bush looking at animals and 
plants, collecting specimens (plants and insects) […]. I progressed from here to being a 
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volunteer for local conservation groups […]. I developed this love of environment into 
completing [tertiary qualifications].” – P4 
Six participants maintained biodiversity and conservation activities related to birding. 
Participants 1 – 5 were interested in the human impact on biodiversity and the connection 
between birds and habitats. They were eager to be outside exploring new places (P2) and 
concerned about habitat degradation and biodiversity loss (P1). A variety of vegetation types 
and heights were seen as essential to support various species of birds. P1, P2, and P3 saw the 
natural environment as a marvel, a wonder they treasured and enjoyed. 
“my total enjoyment is bound up with the biodiversity on this (sic) couple of acres we’ve got 
here […] to me the whole world is a source of wonder. I can’t do a lot about what’s over the 
hill and far away, but I certainly can make sure that I don’t do any harm within the area I 
have.” – P3 
In a similar way to P5, P3 participated in activities around the local area; however, their focus 
was their property, and the increase of diverse flora and fauna. In addition to birds, P2, P3, 
P8, and P9 were interested in flora and other fauna. P8 was keen to monitor all the fauna in 
an area, using an array of sensing methods. A desire to monitor and aid biodiversity was 
present in all participants, although P3 was not convinced that human-instigated change in 
flora, even when reverting to natives, was beneficial for fauna. P2 and P9 were thankful for 
the array of environments they had been able to experience, while P3 found building a 
working knowledge of butterflies, frogs, and plants a rewarding investment. 
“[I wanted] to be a park ranger as a kid. So I guess it’s always been there. […] I find myself up 
in the spinifex hills somewhere, chasing a little grass wren, and I look around and I think, 
‘Wow this is just amazing country’. […] It’s a little bit circular, but certainly the birds kind of 
stimulate me to go to get out there, and sometimes, as I say, I’ll take binoculars when I go 
bush walking, and just happen to see things on the way. […] I’ve been to every part of 
Australia” – P2 
4.3.2 Birding activities 
Participants identified a variety of everyday birding activities. While everyone interviewed 
fulfilled the criteria to be involved, not all participants were active birders at that point in 
time: P1 and P3 had a different focus, mainly on habitat conservation. Locations within 
Australia were the main interest of P2, P6, and P4, while P8 was keen on birding holidays, 
including birding at sea and around islands. P3 and P5 were keenly interested in their 
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property and local patch, often to the exclusion of birding opportunities further afield. 
Opportunistic birding, sometimes during other activities such as bushwalking, was one of the 
main ways P1, P2, P4, P6, and P7 enjoyed birding outside of patch working. A patient 
approach to birding, including preparation of places to watch for a number of hours, was 
favoured by P5 and P8. While P2 and P5 enjoyed the exercise and fitness aspects of birding, 
P2 was usually on the move, compared to P5’s walks between places to wait, observe, and 
photograph. P9 was keen to be out birding wherever was convenient, as well as at their local 
patch.  
P4, P5, and P6 often targeted bird species or distinct habitats. This related to a desire to learn 
as much as possible about their local patch. Birdcalls were a means of pinpointing a bird for 
photographing for P5; learning to recognise birdcalls was an encouragement to travel for P7; 
P6 found it satisfying to learn the birdcalls of a new location in the field rather than before 
visiting; and P4 found learning birdcalls straight forward. These varying approaches to 
birdcalls were all part of the allure of birding for the participants. 
In answer to the question, “How often and where would you go birding if you had no 
constraints on time or money?” one participant responded: 
“All over Australia with birding tour groups or on my own as a birding ‘grey haired nomad’, 
stopping in a location to get to really know the bird life of that area over a period of time” – 
P8 
P5 was enthusiastic in response to how often, where, and how they go birding: 
“I just go from one [chair] to the other and sit down and wait and see what birds appear, and 
I vary it quite a bit each day, […] I’ll either target a species or a habitat. At the moment I’ve 
got a shrub that has little red berries and the Mistletoe birds come down onto it, so I can get 
nice easy shots of the Mistletoe birds, easier than when they’re right up the top of a big tree.” 
– P5 
Birders often have a local patch that is their accessible and regular birding location. A birder’s 
interaction with their local patch is often about stewardship – documenting, understanding, 
and monitoring the location over an extended period. A property can also be a local patch. 
P1, P2, and P6 made changes to the plants on their property, prioritising natives. The local 
patch was the favourite location for P2, P3, P5, and P9, with P1, P3, P5, and P9 centring their 
activities on their local patch. Favourite locations were often visited in preference to other 
areas.  
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A comprehensive working knowledge of expected and unexpected birds at the local patch 
was a source of pride for P1, P2, P3, and P5. The selection of a local patch, for P7, P8, and P9, 
was driven by proximity to home, presence of diverse habitats, and interesting birds. Other 
participants were equally interested in other locations in Australia and other countries. P4 
took part in formal surveys at several locations, P6 visited locations with other birders, and 
P8 found holiday and camping areas became destinations for birding. Changes over seasons 
and longer periods of time kept P8 and P9 returning to the same areas. P7 favoured locations 
with a lack of a current bird list and that were accessible for early morning visits. 
Responding to the question of selecting locations and times for birding: 
“selection reasons vary: [for example, if there was] a recognised need to put together at least 
a basic checklist; curiosity [about recent changes, such as] flooding; [opportunistic when] a 
place looks interesting” – P7 
“Some sites are roost sites and surveyed at high tide. Other sites are chosen based on a need 
to undertake important bird survey monitoring, others are selected on opportunity: [we’re] in 
the area, let’s survey” – P4 
P9 answered “Do you have a place that you regularly visit for birding?”, describing the 
location and source of interesting birds: 
“[…] interesting birds, close to home, different types of habitats. At [my regular birding 
location], there’s a good chance to see interesting birds. [Although] the change in seasons 
isn’t so big, there are new birds that [aren’t there long] and may come back.” – P9 
There is a substantial social component in birding communities, although people have 
differing views on the approach to social interaction while out in the field birding. All 
participants were involved to some degree in local conservation and birding groups. P1, P3, 
and P5 placed greater emphasis on general conservation than birding in regards to their 
involvement with local communities. P2, P3, P5, and P9 regularly hosted visitors interested 
in how they had modified their properties, to encourage birds and other wildlife through 
creating enticing habitats. 
“A couple of times we’ve had the [local conservation group] here, they have always loved 
coming here because they will see something, […] even though it’s a small property. […] But 
everybody that’s ever come here for whatever reason, they’ve always said, “We should do a 
bird survey out here” […].” – P3 
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The amount of socialisation during bird walks differs depending on the purpose of the outing. 
A serious birding venture requires little to no conversation, aside from confirmation of 
identifications. Outings can also be more leisurely, where the purpose is to enjoy the 
company of other birders rather than observe and record the birds. P2 and P5 were 
particularly keen on birding solo, whereas P6 and P8 were happy to bird alone or with a 
group.  
“I generally do it by myself. That’s probably part personality, […] but I tend to opportunistically 
bird with others. But I don’t tend to be that organised with it, and when I am organised around 
birding, I, [for example,] take my kids along, and I don’t necessarily want to be slowed down 
by other people.” – P2 
The greater aggregate experience of a group could result in a more diverse set of 
observations, according to P6 and P8, although P8 and P9 also noted that groups larger than 
four people tend to become noisy. P4’s group birding was mainly for surveying activities, 
while P3 and P8 highlighted the potential for socialising to share experiences and improve 
knowledge, particularly between ‘urban’ and ‘regional’ birders. P8 would go birding with new 
people to make new connections, and with people they knew well, to “catch up on their 
sightings and trips.” 
4.3.3 Observation records and audio recordings 
Recorded audio is a common feature of birding activities. It is used mainly as an aid to learn 
birdcalls, and less often for call playback as a controversial way to attract a particular species 
of bird. All participants were familiar with recorded birdcalls from guides and applications 
installed on mobile devices. The incorporation of acoustic sensing into regular birding 
activities appealed to the participants for a number of reasons. P1, P2, P4, P5, P6, and P7 
were excited at the opportunity to record and identify the calls of birds they otherwise found 
difficult to observe. This included birds that were present only at night for P2, P5, and P6, as 
well as birds that did not call often or had very soft calls, were present for very short periods, 
or stayed within a small area. P7 and P8 were also interested in covering large areas using 
acoustic sensing, and P8 emphasised an interest in ‘accents’ and regional differences in calls 
of the same species. 
Three birders had used phone apps and voice recorders to record birdcalls for later 
identification or evidence. P5 had also purchased a commercial acoustic sensor with the 
intention of augmenting the camera traps already deployed. Making use of the sensor proved 
difficult, as the recordings were not saved in an accessible format. P6 found recordings 
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offered concrete confirmation of observations for conservation activities. Acoustic analysis 
was of interest for P5, P6, and P7. P4 aimed for fine grained comparisons of attenuation due 
to vegetation, P6 was interested in replacing textual descriptions of calls with recordings of 
calls extracted from acoustic data. P7 was interested in the call structure and patterns 
between and within species. 
Some of the benefits of acoustic sensing for P6 were: 
“[when] birding is incidental, […] I'd like to know what's there that I'm not picking up. So I'd 
like to know what's there at night, what’s there that's not normally picked up when I actually 
am there doing bush care or doing a survey there, so it’s just getting a complete picture. [An 
acoustic record] does two things, it actually lets us tell the council of how important that little 
bit of area is; it’s also turned into a social thing for the people that bush care there. They've 
all become interested and it's nice for them to know that there's different sorts of birds there 
and it encourages them to do more about the habitat too and maintain it.” – P6 
Observations include detecting and identifying birds using a range of indicators. P5, P6, P7, 
and P8 highlighted visual attributes, such as anatomy, position in vegetation, behaviour and 
movement, colour, and how a bird flies. Birders know the visual and aural cues as ‘jizz’ or 
GISS – the combination of attributes that aid in identification. P7 and P8 emphasised this 
common birding knowledge, and almost all the participants found visual cues easier to learn 
and apply compared to aural cues. P3, P5, and P6 reported that they used visual and aural 
attributes in comparable amounts. Basic photography for identifying birds satisfied P2, P3, 
and P6, while P5 was keen to obtain atheistically pleasing photographs. Bird field guide apps 
were regularly used by P4, P5, P6, P7, and P8. P3 and P6 particularly noted the benefits of 
recordings of example calls available in some apps. P4 and P5 depended heavily on 
technology for recording observations. Before comprehensive field guides, P6 noted that 
most people would not have been able to identify unknown birds. 
Pairs of female and male birds assisted P5 to identify some species. P3, P4, P5, and P7 often 
recorded additional details, such as age and sex of the birds they observed. Differences in 
species composition through seasons, including migratory activity of birds, were particularly 
noticed by P3. Regional differences in birdcalls were of special interest for P7 and P8. Initial 
detection of birds might be dependent on audible calls, such as alarm calls, or the type of 
vegetation, for P7. P8 occasionally used ‘call playback’, a controversial method of attracting 
birds by playing recordings of birdcalls. 
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“I go armed with my field guide on my phone, I don't actually learn the calls, however if there 
was something that I didn't know and couldn't ID I'd probably take it on my phone and check 
it later on. […] [Ravens] are really hard to identify because they're all black birds that are 
around about the same size but the call is different. So that would be the case where I actually 
saw the bird but actually recorded it so that I could compare it to a recording later on and say 
definitely yes, that was a Forest Raven.” – P6 
Birding observations often include record keeping as a means of remembering and sharing 
the observations. P1, P2, and P3 recorded only unusual or seasonal changes. P5 focused on 
the first and last sightings in a season, and the first sighting of a species each day. P2, P3, and 
P5 were only interested in recording observations from their properties and other favourite 
locations. P4, P6, and P7 recorded initial notes in the field, and P2, P4, and P7 maintained 
records in an electronic spreadsheet. P4, P5, P6, and P8 kept their canonical observation lists 
on eBird. P3 kept few notes, preferring to share observations with the people present in the 
moment. A personal journal, including a life-list specifying species, count, sex, location, and 
behaviour, was kept by P7. Participants used a few methods to differentiate between similar 
birds and birdcalls. P4 and P6 found notes and short recordings in the field aided subsequent 
identification of uncertain observations. P4 noted additional information to aid 
identification, including behaviour, breeding activity, habitat, weather, and sounds. 
“I write a list on the day for a specific location, with date and time spent observing. Sometimes 
I will include the number of birds seen [which can be recorded in eBird]. […] I will try and 
include information about the environment the birds were observed in.” – P8 
P3, P4, P5, and P6 shared their observations and records. P5 and P6 aimed to improve the 
records around their neighbourhood, while P3 shared observations with people present at 
the time of the observation. P4 and P6 participated in formal surveys for richness and 
abundance of bird species. P6 aided in verification of observations submitted to eBird, and 
noted that observations could be affected by the number of people present at the time: 
individual birders could take longer to check their observations, while groups needed to keep 
moving, reducing the time for checking an observation. 
4.3.4 Motivations for birding 
Participants described a range of common motivations and purposes for birding. P1, P6, and 
P8 described one approach of people who had a primary interest in habitats and 
conservation, where birding was a secondary interest. All participants identified ‘twitchers’ 
as a category of birders. Twitchers were typified by enthusiasm to glimpse a particular bird 
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and check it on their life-list, then quickly continue to the next bird. It was likened to 
obsessive collecting, including very few elements of ecology or details of the birds. P1 - P4, 
as well as P6 and P7, noted a set of people who were somewhat interested in fauna and flora, 
without the desire to learn more about the behaviour of birds or birds seen outside of daily 
activities. P3 and P4 described some birders as ornithologists or scientists, who were usually 
aware of scientific developments related to birds. Professional birders, often working as tour 
leaders, had a particularly broad knowledge of birds according to P7. 
Participants highlighted that some birders developed deep knowledge of a restricted domain, 
such as their property or a particular type of habitat. P2, P3, P5, P8, and P9 described a small 
but dedicated set of birders who are passionate about sharing their knowledge of birds and 
habitats. They want other people to find birding as fascinating as they do. Some birders are 
particularly patient and obsessive according to P2, P5, P6, and P8 – they will not give up 
without ‘a good experience’ with a species of bird. P4 and P5 mentioned that some birders 
are mainly seeking aesthetically pleasing photographs; P2 raised a competitive motivation, 
while P5 and P8 discussed enjoyment of seeking shy or difficult to view birds. 
“[…] geographic birders, they like to be able to go to a place and see all the birds, see what’s 
there, and if they know that they’re there, they’ll want to see them if they’re a special type. 
[…] So there are birdos who […] can associate habitat, a real understanding of habitat and 
birds, […] Others are probably just interested in birds, but they’re not passionate. Some are 
passionate because they know we knocked down all [of some bird species’] habitat. So there’s 
been this big increase in some types of birds, and a loss of others, and I don’t think we really 
know much about that, quite frankly.” – P1 
“definite groups of birders: […] ornithologists, twitchers, surveyors, photographers, sound 
recorders, sound analysers, bird cage enthusiasts, supporters”  – P4 
“[…] twitchers that want to get a bird list, and they want thousands of birds on that bird list, 
and they’ll spend thousands of dollars travelling all around the world, and they’ll turn up, 
they’ll see a glimpse of something, and then they’ll say, ‘Next’. So [that’s] at an extreme, 
there’s a little bit of that in all birders, I think” – P2 
Fewer participants mentioned some additional motivations; however, they were described 
in some depth. P2 and P9 identified a positive reinforcement: observing birds while bush 
walking encouraged more birding, while walking during birding prompted more bush 
walking. Motivation changing over time was highlighted by P3 and P9. P7 and P9 described 
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birders focused on rare or unusual birds, who could go to extensive lengths to observe them. 
P4 provided an opposite extreme in people interested in birds only as pets. P7 and P4 noted 
avid amateurs or citizen scientists interested in analysis of observations, building a library of 
species information including recorded calls, or keen on systematically improving personal 
knowledge. 
 Themes 
These themes are the result of a critical analysis of the interviews, from the point-of-view of 
the first research sub-question. This sub-question aimed to investigate the backgrounds of 
Australian birders and how they make use of recorded audio, to document the situation in 
which the exploratory prototypes were evaluated. While the categories identified the 
participants’ birding experiences, these themes summarise birders’ backgrounds, 
motivations, and potential to incorporate acoustic sensing and recorded audio into birding 
activities.  
Six themes were derived, including: 
1. the varying levels of emphasis on conservation and birding among participants,  
2. the special focus and energy invested into a local patch, and  
3. the restrictions on the time and effort birders can assign to birding activities.  
These three themes highlight the need to ensure acoustic monitoring is straightforward and 
presents clear benefits for birders. It is also important that acoustic monitoring does not 
require excessive amounts of time, as birders will not spend limited time and resources on 
activities that do not give sufficient benefits. The remaining themes were that,  
4. each birder’s observations were a unique composite of their skills,  
5. acoustic monitoring has the potential to extend current uses of audio, and  
6. birders’ motivations and goals are personal and distinct between individuals.  
4.4.1 Varying emphasis between conservation and birding 
Participants described differing levels of interest and knowledge of conservation and birding 
pursuits. These levels also changed over time for some participants. For example, P1 
developed an interest in birding from natural resource management work, and P3 found 
birding a natural complement to their greater interest in other environmental features. 
Participants’ backgrounds reflected the results from Cooper et al. (2015), who found that 
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people are more likely to engage in conservation activities if they already enjoy wildlife 
recreation activities. 
The level of interest and knowledge in conservation and birding would have a direct impact 
on the potential involvement and attitude towards recorded audio. Some conservation or 
birding pursuits may have no relation to sound or acoustic data – people with these interests 
would not be likely to make use of acoustic monitoring. The link between acoustic monitoring 
and the benefits for a range of conservation and birding activities needs to be made clear 
and obvious. The differing interests make it clear that there cannot be a single approach to 
incorporating recorded audio – benefits aimed at engaging a variety of interests need to be 
enumerated. 
4.4.2 Special focus on local patch 
Almost all people who go birding on a regular basis have a place that is their local patch. For 
the participants, this included around their home, at a local park or revegetation area, or 
travelling a little further away in a national park. This local patch may be where birders spend 
the most time and develop their birding skill, as well as a sense of the changes over time and 
long-term trends for the location. Birders can be quite protective over their local patch, 
recording observations and events that they might not make the effort to record at other 
locations. The deeply nuanced knowledge of the area enables birders to notice differences 
due to nearby property development or changes in surrounding natural features. 
This special focus on a local patch is an opportunity for integrating acoustic monitoring with 
very low impact on birders’ existing routines. The interviews demonstrated interests in 
confirming observations of shy or rare species, creating a collection of reference birdcalls, as 
well as providing observations at times of day when birders cannot be present, particularly 
overnight. The participants raised these benefits as meaningful additions to their current 
knowledge and activities. This mirrors a generally accepted view among birders, and in the 
academic literature, that the intrinsic motivation for birding is reinforced for certain locations 
through learning more about the location. It can become a positive feedback loop where 
additional enjoyment and dedication is fostered through new knowledge and experiences. 
4.4.3 Birders may modify their routines for demonstrated benefits 
Many birders have substantial commitments or time restrictions outside birding. This may 
include family responsibilities, set work hours, physical disabilities, or other volunteer 
activities. Very few birders can invest the amount of time and effort they would like to 
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dedicate to birding activities. Therefore, clear benefits and low impacts need to be 
demonstrated before birders will modify their birding activities. The restrictions may also 
influence the choice of birding activities and investments that can be considered. For 
example, P5 bought and made use of a commercial acoustic monitoring device that proved 
difficult to use. They did not have the time to invest in learning how to access the recorded 
audio. 
While the change in routine from incorporating, deploying, and collecting acoustic sensors is 
not great, the addition of analysing acoustic data can require a sizable time commitment. The 
important details in deploying an acoustic sensor are that is it somewhat protected by being 
off the ground and difficult for animals to access. This usually means attaching a sensor to a 
tree or stake. This can be done as part of existing routines, if the equipment is available. For 
people to accurately analyse acoustic data, constant attention to detail is required, as well as 
the time investment to listen to audio playback. The participants’ willingness to incorporate 
acoustic data collection, and subsequent difficulties with analysis, indicated that automated 
analysis is essential for indicating smaller sections of audio that are more likely to be of 
interest.  
4.4.4 Each birder’s observations and records are unique 
Although there are many elements common among birders – the need to learn distinguishing 
attributes of birds, enjoyment of some of the aspects of being outside birding – there are 
also many differences. The process of detecting and identifying a bird, as well as recording 
the observation, can differ markedly between birders. The clearest differences can be in 
which attributes a birder is interested in learning and applying, and how observations are 
recorded and used. For example, P3 kept few records; however, they were very observant. 
P5 was keen to photograph every bird on their local patch. P7 kept an extensive life-list that 
included additional information such as sex, breeding status, and age. P2 recognised their 
trouble remembering auditory cues. 
The resulting observation records will differ due to the varied emphasis of each birder, as 
shown by analyses of observations recorded through eBird, and effort invested into 
improving data quality (B. Sullivan et al., 2014). Observation records are personal to each 
birder, and created for a number of reasons, including personal interest or formal surveys. A 
birder adds information in observation records through their personal perspective. This is a 
key consideration, as it is one of the sources of highly detailed and quality data, or potential 
gaps in observational data. This applies to acoustic analysis as well as standard birding 
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observations. Recognising and acting on observational bias is necessary to build a 
scientifically useful collection of acoustic annotations or birding observations. Most of the 
participants kept observation records in an electronic or paper-based notebook or 
spreadsheet. They each recognised their records were biased, usually placing greater focus 
on rare or unusual observations, and reduced emphasis on expected or common 
observations. 
4.4.5 Birders believe acoustic monitoring has potential 
Recorded audio already has a place in everyday birding routines. It is used to learn birdcalls, 
record calls to confirm identity later, and for call playback to attract target species. All 
participants in this investigation had some experience with recorded audio, the majority 
through learning birdcalls through bird guide applications on mobile devices. The participants 
treated these applications as learning tools and memory prompts, which they used 
effectively to help improve their birding skills. These experiences with recorded audio are an 
opportunity to integrate acoustic monitoring into existing birding activities. 
Although the collection of recorded audio may be straightforward, the interviews indicated 
several issues and complexities with analysing acoustic data. Recorded audio provides 
another avenue for recording observations; however, the interfaces for interacting with long 
duration recordings do not yet fulfil the potential for recorded audio. The magnitude of the 
duration discounts common interfaces for music or games, and much of the audio will not be 
interesting. The meaning of ‘interesting’ can differ between birders and depending on the 
current goal of acoustic analysis. 
The potential scientific contribution from collection and analysis of data collected by citizen 
scientists is canvased by Tulloch et al. (2013). While analysing acoustic data to identify birds 
currently requires existing expertise, participants face similar challenges. It is necessary to 
clearly express the personal or community goals of birders analysing acoustic data to identify 
birds. Automated assistance and continuing development of intuitive interfaces will be 
necessary to achieve the potential of acoustic monitoring. 
4.4.6 Birders motivations and goals are personal and different 
In addition to a variety of conservation and birding interests, the pursuit of these interests 
also differs. The interviews revealed some common perceptions of ‘types’ of birding. For 
example, two people may enthusiastically observe wading birds; however, one person makes 
use of formal survey methods, whereas the other aims only to obtain aesthetically pleasing 
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photographs. These observations of the same set of birds may yield differing records and be 
used for different purposes. The method and intent of the person making observations can 
impact the resulting records. 
Participants identified a number of approaches to birding, which can be combined with a 
range of knowledge and skill levels. This investigation contributed towards the knowledge of 
birders and their approaches beyond the previous research in Australia, which has 
concentrated on ecotourism, as detailed in the literature review. There is little available on 
incorporating new practices into birding routines. These interviews were particularly 
important for providing in-depth detail around both stereotypes of birders and more 
nuanced views of the range of approaches to birding. 
 The nine interviews analysed in this investigation provided background, new knowledge, and 
pointed to future research directions, for incorporating acoustic monitoring into established 
birding practices. The descriptions and discussion of the current practices and expectations 
of experienced birders responded to the research question for this study. Specifically, it 
elaborated on the activities and contextual information essential to identifying birds, and 
provided directions for collaborating with established communities of birders. The findings 
from the interviews highlighted the promising avenues for integrating recorded audio that 
were evaluated by the exploratory prototypes and activity augmentations reported in 
Chapters 5 and 6. 
 Summary 
This chapter reported the design, conduct, analysis, and findings of research into Australian 
birders through nine interviews. The results from interview transcript analysis responded to 
the first research sub-question of this thesis, by documenting the background and activities 
of Australian birders, along with their current use of sound and record audio. The next 
chapter addresses the second research sub-question through investigating how birders could 
incorporate acoustic monitoring into their local birding activities. 
The participants had between 10 and 50 years of experience in ecological pursuits. Many 
found the natural world a marvel, and were keen to protect it and learn more about it around 
their work commitments. The approach to birding ranged from regular birding every day, 
with extensive knowledge of a range of bird species and habitats, to nuanced knowledge of 
a specific plot of land, including the flora and other fauna in addition to birds. Participants 
chose birding locations based on intrinsic motivations and the aspects of birding they found 
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interesting and important. Most participants were keen to use acoustic sensing to observe 
their local patch when they could not be present. Interfaces for working with long-duration 
audio, combined with assistance from automated analysis methods, require further research. 
Findings from the interviews were in four categories and six themes. The categories framed 
the findings from the participants’ perspective. Participant backgrounds included 
participants’ personal background, work, and approach to conservation. The second category 
was birding activities, such as everyday experiences, special aspects of the local patch, and 
social interaction during birding. Observations, particularly records of observations and 
current use of recorded audio, were the third category. The final category discussed 
participants’ impressions of various motivations for birding. 
The six themes framed the findings from the perspective of the research sub-question. 
Varying levels of emphasis on conservation and birding among participants highlighted their 
individuality. However, all participants invested energy into a local patch, and identified 
restrictions in the time and effort available for birding activities. The time available varied 
from a few mornings per week to entire mornings set aside for birding. These three themes 
reinforced the requirement that acoustic monitoring should not require excessive amounts 
of time, as birders will not expend limited time and resources on activities that do not give 
sufficient benefits. The remaining themes were that each birder’s observations reflected 
their skills gained through unique experiences, that acoustic monitoring has the potential to 
extend current uses of audio, and that birders’ motivations and goals both overlap and are 
distinctly personal. 
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Chapter 5: Study 2 – Augmenting Birding Activities to Integrate 
Acoustic Sensing 
This chapter addressed the research question of how to extend current birding practices to 
include acoustic monitoring by birders (SQ2). There was no previous research into applying 
birding skills to the collection and analysis of recorded audio. The ‘in the field’ research 
involved researcher observation during participation in birding activities. This research was 
undertaken by providing birders with the resources and means to deploy acoustic sensors, 
and assisting the birders to choose where to deploy the sensors. Discussions with the birders 
established the purpose of the deployments and actual outcomes from the deployments. 
This collaboration addressed the research question and answered questions about how local 
birding activities might integrate acoustic sensing.  
The findings of this chapter showed that the participants were interested in acoustic sensing, 
for a range of reasons. All participants voiced an interest in the potential for finding the calls 
of birds that visited the location at times they were not usually present. Some participants 
thought the change in perspective caused by the possibility of replaying sounds and access 
to a visualisation of the recording might help them notice sounds they took for granted or 
could not hear. The participants also held concerns, chiefly regarding the difficulty in 
managing audio files, the process of analysis and extracting observations from recorded 
audio, and the overall benefit audio could provide to personal observation records. Chapters 
6, 7, and 8 responded to these concerns, and the third part of the research question, through 
investigating computer interfaces for enabling birders to identify birds in recorded audio. 
 Overview 
This investigation extended existing practices by including recorded audio in activities located 
in a local patch and birding around the home. The addition of recorded audio aimed to 
augment rather than replace established activities – birders would continue to maintain their 
personal observation protocols and records. The addition of recorded audio opened the 
potential for birders to observe and identify birds over expanded times of day. It also 
provided tools for birders to verify their observations made in the field. This followed from 
the conclusions of Study 1 that showed birders were keen on expanding the times they could 
access their local patch. This study also provides an acoustic record through recorded audio, 
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which was of interest to the participants, particularly for detecting and evaluating changes 
over time. 
Biodiversity monitoring using recorded audio can substantially increase duration of 
observations and number of locations under observation. However, recorded audio poses 
social issues around acceptance of acoustic data as a means of observation, in addition to 
the logistical, analysis, and organisational challenges. These social issues centre on the 
introduction and integration of recorded audio into established community norms and 
observation protocols. Birding is a pastime and birding knowledge forms part of casual and 
formal field surveys. Birding and conservation activities are often simultaneous interests. 
Introducing acoustic sensing into birding practice has the potential to improve the temporal 
and spatial extent of birding and surveys. The effectiveness of acoustic sensing is dependent 
on the resources available to process the acoustic data. There is currently little information 
on the integration of alternate observation and record methods, such as acoustic sensing, 
into established birding activities. 
The collaboration between birders and researchers, as well as the extension of protocols 
discussed in this section were published in a peer-reviewed paper titled Collaborative 
Extension of Biodiversity Monitoring Protocols in the Birding Community presented at the 13th 
Participatory Design Conference in 2014 (Cottman-Fields, Brereton, Wimmer, & Roe, 2014). 
The paper discussed the difference between conducting research in an established birding 
community by extending its practices, compared to engaging the public as citizen scientists 
in new practices. It highlighted the Ecoacoustics research group’s ongoing collaborations with 
the birding community. The paper also included some of the findings from the interviews 
reported in Study 1 (section 4.1). Some participants in the interviews were also involved in 
this investigation. This chapter presents substantially expanded results and discussion, with 
an emphasis on the integration of acoustic monitoring into everyday birding activities. 
This participatory sensing activity was conducted to gain in-depth understanding of individual 
birder’s experiences of acoustic data as part of their birding practices. Most regular birders 
have a ‘local patch’ – an area, usually easily accessible, that they visit often to observe and 
record the birds present. This ‘patch-working’ endeavour allows a birder to become familiar 
with the routine, seasonal changes, and trends of birds over time for their patch. This 
intimate knowledge of the location and regular birding forms the foundation of birding skills, 
which are expanded and built upon through birding outings at other locations. Patch working 
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may take place around the birder’s home, as dedicated birders often prefer to live in areas 
with habitat suitable for birds. 
The participants in this investigation were given the least instructions and direction possible, 
as the goal was to observe the areas that were of personal interest to the participants. The 
recorded audio was analysed by the birder that recorded it. This was possible as the audio 
was only a few days in duration and pertained directly to an area of sustained interest to the 
birder. Some participants were engaged due to the potential for new insights into a location 
they knew well. Participant autonomy was an important aspect of this investigation: the 
participants were provided resources and support; the decisions around where to deploy 
sensors and the purpose of the deployment were made by the participants. 
Expanding knowledge around the attitudes of birders towards acoustic sensing is important 
for answering the research questions of collaborating with an established community of 
birders and engaging birders in recorded audio collection and analysis. Through working 
closely with birders and providing resources and support to aid the participants in leading 
the collection of acoustic data, this investigation contributed analysis of ways birders could 
implement acoustic biodiversity monitoring. The observations of the researcher describing 
birders’ engagement with recorded audio were a novel addition to research around 
integrating acoustic analysis into birding activities in Australia. 
 Design and Method 
To explore birders’ opinions and expectations for integrating recorded audio into birding 
activities, this investigation emphasised autonomy for the participants and researcher 
observation for data collection. These elements were considered the most appropriate 
methods to gather data on participants’ perspectives on recorded audio. More structured 
participant instructions would not have allowed space for participants to express their own 
intentions. Observation enabled decisions and activities to be recorded even for activities 
that participants did not consider interesting or important. Birders have numerous ingrained 
habits and assumptions, which they are likely not to express through responses to questions 
or when describing their birding work themselves. 
The purpose of this investigation was to learn more about individual birder’s opinions 
towards recorded audio and the practicalities of collecting it. This concentrated on three 
aspects of acoustic sensor deployment and how the deployment related to the activities of 
experienced birders:  
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 the practicalities of including recorded audio in regular birding activities;  
 birders’ opinions, expectations, and personal experiences of recorded audio; and 
  the benefits and tensions between the collection of recorded audio for individual 
and organisational purposes. 
Two key skills required of the researcher for this investigation were the ability to record 
observations while accompanying birders into the field, and knowledge of how to deploy 
acoustic sensors. Knowledge of sensor deployment was gained through work as part of the 
Ecoacoustics research group. This involved the maintenance and setup of sensors, selection 
of deployment location, and sensor retrieval and audio file transfer to archive storage and 
the website. 
Observations were both structured and unstructured, and took place during participation in 
birding activities and as an impartial observer. All observations were recorded through 
written notes. Opportunities for observations were facilitated by accompanying each 
participant when deploying and retrieving sensors. Structured observation occurred during 
the initial meeting, explanation of the project and ethics considerations, as well as around 
the interviews presented and analysed in section 4.1. Structured observations were 
conducted by ensuring a similar amount of time was spent with each participant, noting the 
same information about the property or local birding area, and adhering to a similar 
introductory script. Unstructured observation occurred during travel and deployment of 
sensors. During unstructured observation, the main observation notes were around the three 
aspects being investigated: the practicalities of acoustic sensing, the birder’s experiences, 
and individual compared to organisational goals. 
Selection and recruitment of participants for this investigation is detailed in the research 
design chapter, section 3.4. It included purposive sampling for experienced and 
knowledgeable birders, who went birding regularly at a local area. The participants in this 
investigation also needed to be able to deploy one to three sensors provided by the 
researcher for up to two weeks. Participants were recruited through word of mouth among 
Brisbane birders and via the Australia-wide BirdLife mailing list. The information provided to 
prospective participants included the background and purpose of the project, requirements 
for participating, and how to become involved. Participants in this investigation needed to 
fulfil additional criteria: 
 Access and permission to deploy one or two sensors for up to two weeks 
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 Accessible by car from inner Brisbane, with travel time of less than two hours return 
trip 
The travel restriction to greater Brisbane was necessary to ensure the observation of 
participants was consistent, produced valuable data, and there could be interaction and 
collaboration between participants and the researcher. The need to deploy sensors also 
necessarily restricted the potential participants to those who lived on a property with 
vegetation available for birds, or those with reliable access to a location the participant 
regularly visited for birding. 
The investigation made use of acoustic sensors deployed on participants’ properties. 
Participants were recruited based on interest and involvement in birding. The placement of 
sensors was decided by the participants, with the reasoning and subsequent interaction with 
the acoustic data observed and evaluated. The participant recruitment document is included 
in Appendix G. 
5.2.1 Sensor deployment  
The steps for meeting with participants and arranging sensor deployments were kept as 
similar as possible. The approach to observation was structured for some steps in the 
process. Observation during other steps remained unstructured to respond to actions and 
decisions made by participants. The procedure for activities that were similar was established 
at the start of the investigation, with some small implementation changes during the project 
based on experience. 
1. Initial contact from prospective participants was via email or phone call. Each person 
was provided with additional information about the project, including the participant 
information sheet. Standard responses and questions were used for describing the 
project, arranging an interview, organising to meet and deploy sensors, and 
explaining how the recordings would be made available via the website. There was 
ongoing communication with each prospective participant to arrange meetings 
around travel, work, and birding activities. 
2. Participants were met individually, usually on weekends, at a location convenient for 
them. There was a general script for the meetings that ensured the ethics 
considerations were addressed, and that the participants were comfortable with the 
procedure for deploying and retrieving the sensors, as well as analysing the recorded 
audio. This meeting included demonstration and deployment of up to three sensors, 
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and for some participants the 30-minute interviews described and analysed in 
section 4.1. The demonstration included setup and testing of the acoustic sensor. 
Researcher observation as a participant for these meetings was structured. The script 
included questions about participant expectations for deploying the acoustic 
sensors, previous experience with recorded audio, and any reasoning for the chosen 
sensor placement locations. 
3. The participant then led a quick tour of the area where the sensor was to be 
deployed, including photographs of the area surrounding the deployed sensor. The 
areas were on the participant’s property or at a nearby conservation or birding area. 
Researcher observation was unstructured for the deployment of sensors; however, 
observation was guided by the research question, particularly the practicalities of 
sensor deployment and participants’ experiences. The participant kept the project 
information sheets. The final task was to arrange a suitable date and time when the 
researcher could collect the sensors. 
4. Once the agreed recording time had elapsed, the researcher collected the acoustic 
sensors as arranged with the participants. Collection of the sensors was usually done 
without further interaction with the participant. The collected audio was uploaded 
to the participant’s personal project and sites on the Ecoacoustics research group’s 
website. 
5. The participants accessed their recorded audio via the website. There were no 
explicit aims for the participants – they decided what to investigate based on their 
personal interests. The researcher was available to assist participants in using the 
website. Participants’ were asked for their goals for the recorded audio. Their 
activities on the website were also monitored. This structured external observation 
was augmented with unstructured observation while assisting participants. 
Unstructured follow-up questions were asked based on individual participants’ initial 
expectations, about a month after the recordings were uploaded. 
5.2.2 Observations from Field Study  
The main data for this investigation were the structured and unstructured observations 
noted by the researcher, the photographs of the sensor deployments, and logs of activity on 
the website. The analysis for this investigation focused on distilling themes from the 
researcher observations to respond to the research question. This was done by collating 
common and unusual observations of participant activities, interactions between 
participants and the researcher, as well as comments by participants regarding recorded 
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audio and the process of deploying sensors. The themes were informed by previous research 
and arose from the analysis – a combination of deductive and inductive approaches. 
Observations made by the author, of birding activities and birder comments, form the results 
for this chapter. Observations were made from the position of an outside observer as well as 
from the view of a participant in an activity, depending on how involved the author was at 
the time. The observations were made as an outside observer during the sensor 
deployments, and as a participant once the sensors were deployed and for most other birding 
activities. The observation records were necessary and relevant, as situations and events 
encountered during birding activities could not be practically documented in other ways. 
The use of observation allows for recording interactions and situations that may not be 
captured by other methods. Ethical issues around participants being observed unaware were 
avoided by ensuring informed consent from participants. This should not have had a 
problematic impact on the behaviour of participants, as observation was conducted from 
participatory and non-participatory roles (Harding, 2013). Participants were observed while 
partaking in activities and situations that they were very familiar with, and regularly included 
novices and strangers (Figure 5.1). The results section of each investigation identifies 
important observations and researcher interpretations. 
 
Figure 5.1 – Author accompanying a participant to observe the deployment of an acoustic sensor 
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 Findings 
This investigation was conducted over three months in 2014. Five birders living in South East 
Queensland participated. Two women and three men participated; two participants were in 
their late 30s, three were over 50 years old. Two were retired. All participants had the means 
to travel for business or pleasure. While one participant regularly travelled mainly for birding 
activities, all participants were attentive to opportunities for birding activities. They all lived 
in greater Brisbane, on properties that ranged from two standard blocks, up to 20 hectares. 
The participants were active in local conservation organisations, which included managing 
creeks, native flora and fauna, birds, and groups aiming to conserve and encourage specific 
species. Table 5.1 identifies the participants by code (P1 - P6) and reports the sensor 
placements and deployment duration for two sensors for four participants, and three for one 
participant. The deployment duration depended on the time available to participants. 
Table 5.1 – Participant sensor deployments 
Participant Sensor Locations Days Deployed 
P1 1. Back lawn; 2. Hill overlooking house 2 
P2 1. Near grassy clearing; 2. Beside path through garden 8 
P3 1. Fence at bottom of hill; 2. Dense vegetation 2 
P4 (Recruited. Did not participate.) - 
P5 1. Dense ground cover; 2. Beside creek 4 
P6 1. Grassland; 2. On hill near creek; 3. Revegetation area 
with dense canopy 
7 
Introductions and initial meeting arrangements were made, via email for four of the 
participants, and by phone for one participant. The arrangements included property address 
and description of where to park nearby or how to access the main building, as all participants 
were located on larger properties or in regional areas in greater Brisbane. All meetings 
involved only two people – the researcher and the participant. While family or friends were 
nearby for some of the meetings, the focus was the sensor deployment and conducting the 
interview, if the participant was also participating in the interviews. Before deploying the 
acoustic sensors, each participant was asked about their purpose for being involved and their 
personal goals for the recorded audio, as well as previous experience with recorded audio.  
5.3.1 Sensor deployment 
As part of this investigation, the author visited each participant who placed sensors at their 
home or a favoured local birding area. The participants elaborated on why they chose that 
location. There were some common reasons and some very individual reasons for choosing 
locations to place the sensors. All the participants were interested to see if there were birds 
they had not seen before around when they were unable to visit the site. This was particularly 
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relevant for sunrise, sunset, and night times. The findings in this section follow the general 
steps taken by the participants: articulating expectations, placing the sensor device, and 
observing what occurred around the sensors while they were deployed. 
Participant expectations 
Participant reasons for participating and expectations for the project were personal, yet 
contained recurring themes. All participants recounted recent experiences of events 
involving birds that were unusual or relevant to the discussion of sound. Participants P1 and 
P3 raised concerns about particularly noisy birds, such as crows. This extended to the 
potential for common birds to ‘overwhelm’ and ‘drown out’ the rarer and more interesting, 
but often quieter, birds. P1, P5, and P6 asked about the ‘range’ of acoustic sensors; how far 
away birds could be, for the call to register in the recorded audio. 
Another consistent reason for people to participate was a desire for ‘trying out’ recorded 
audio, to see for themselves if audio posed any significant personal benefit. P2, P5, and P6 
had previous experience with audio through example calls from bird guide apps and birdcall 
playback. P5 had purchased an acoustic sensor with the idea of learning about birds that 
visited overnight; however, the process to obtain standard audio files from the device was 
too complex. P1 and P2 were interested in birds they had glimpsed around their property or 
heard in the distance at night, but were unable to identify with certainty. P5 and P6 wanted 
to increase the available observations in various types of vegetation, including dense scrub 
and other difficult-to-access areas around their property. Birdcalls were part of the enjoyable 
ambience of the property for P3, and they often found it difficult to distinguish between 
overlapping calls. Recorded audio might assist with ‘untangling’ sounds. All participants 
mentioned the potential excitement of recording the call of an unusual or endangered bird. 
Physical position of sensor 
Participants had an established path that was one location for their regular birding activities. 
For P3, P5, and P6 this was an unmarked trek around their property, which took in their 
favourite areas. P2 had stepping-stones or gravel to make the path more recognisable. P5 
and P6 included areas outside their property in their regular path – land belonging to 
extended family and a local revegetation plot.  
Participants were unconcerned regarding the exact placement of acoustic sensors. All 
participants had preferences for areas they thought would produce more ‘interesting’ or 
‘pleasing’ sounds. Sections of the trails that visiting bird species frequented were popular 
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choices, as were areas that were laborious to access. Anthropogenic sounds were specifically 
avoided, particularly machine noise such as vehicles, electricity lines, and lawn mowers. One 
theme was to place sensors near known ‘sweet spots’ of bird activity, usually around 
vegetation that had multiple layers, or in areas where vegetation types changed. 
The physical position of sensors varied between participants (Figure 5.2 and 5.3). All 
participants understood that the microphones were omnidirectional. Some participants had 
particular species they wanted to target. some P2 and P3 were satisfied to leave sensors on 
any stable surface available, such as upturned buckets or a hay bale. P5 wanted the sensors 
near the base of trees along their regular path, so the sensors would be easy to find. P1 and 
P5 prepared stools or chairs as stands for the sensors. P6 ensured the sensors placed near 
busy areas were concealed, while other participants deployed the sensors in the open, as 
they were satisfied other people would not trespass on their property. Some sensors were 
placed on the ground around bushes or shrubs that were known to have bird activity. 
 
Figure 5.2 – Sensors deployed by P1, P2, and P3 
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Figure 5.3 – Sensors deployed by P5 and P6 
During deployment 
Once the sensors were placed, the participants reported that they checked on the sensors at 
least once to reassure themselves that they had not moved or been taken. The sensors 
remained for between two and eight days, depending on the participant’s preferences and 
availability. P1 and P3 placed a sensor overnight and most of a day. P2 and P6 placed sensors 
for a week, while P5 placed sensors for four days. While the overnight recordings were of 
most interest, the participants that deployed sensors for a week were interested in the 
changes in acoustic activity over the week due to weekdays, weekends, and any other 
changes in animal sounds caused by human routine. 
Other considerations during the deployment were changes in routine and weather. While P1 
and P6 had participated in formal surveys, all participants approached this activity from their 
own point of view. None of the participants reported changing their routine while the sensors 
were deployed. The brief interruptions for deploying and collecting the sensors occurred 
during leisure times or as part of planned birding trips. The possible benefits to formal 
surveys were mentioned, including more accurate abundance and richness counts, as well as 
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the use of recorded audio as an objective record. There was a very small amount of rain on 
three days. The sensors deployed by P2 and P6 recorded rain; however, the effect on the 
overall activity was negligible. 
The researcher collected the sensors, on a second visit to the participant’s homes. Recorded 
audio from the sensors was uploaded to the research group’s website. One project, which 
contained a site per sensor deployed, was created per participant. Project access was 
restricted to the participant only. Each site also included a photo of the deployed sensor, the 
GPS coordinates of the location, and a textual description of the surrounding area. 
5.3.2 Analysis of acoustic data 
The next stage of the investigation involved the participants browsing and analysing the 
recordings from their chosen locations. Once the recorded audio was uploaded to the 
Ecoacoustics research group’s website, the participants were notified that their recordings 
were available. Each participant also had the opportunity for a raw copy of the recorded 
audio. P2 and P5 requested copies of the audio – they wanted access to the recordings to do 
their own analysis and demonstrate the recordings to other people, from a mobile device. 
Participant expectations of the recorded audio were mostly positive: all participants were 
curious about the differences in experience between birding in the field and listening to 
recorded audio. There were concerns around the time investment compared to the benefits; 
however, every participant visited the website at least once and listened to some of the 
audio. 
The guidance for participant analysis of acoustic data included how to access audio 
recordings at particular dates and times through the website, and a demonstration of the 
annotation interface (Figure 5.4). Figure 5.4 is a partial screenshot of the annotation 
interface, showing the frequency on the x axis (in kilohertz), time on the y axis (in seconds), 
and the amplitude as greyscale pixels, where darker pixels are louder. The time is displayed 
over each minute of the day – it shows the seconds component of the date and time, e.g. 
10:57, 10:58, 10:59, 11:00. The angled text and the green box are an annotation - a frequency 
and time of day associated with a label. Users can draw the green box with their mouse, and 
then type a label. The vertical red line and white circle is the current playback position, which 
also allows seeking within the audio. 
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Figure 5.4 – Partial screenshot of interface for annotating audio recordings 
 
The researcher aided each participant to create an account on the website. The participants 
described the sites that corresponded with the acoustic sensor deployments. Once the setup 
was completed, the participant instruction was simply to browse the acoustic data, listen, 
and annotate recordings on days and times that appealed to them. It was important for these 
instructions to be general and non-specific, as the purpose was to allow participants to 
express their personal goals. 
Participants P1 and P2 made a cursory visit to the website. They visited the website once. 
Follow-up questions revealed that P2 had become very busy with work and was 
overwhelmed by the eight days’ duration of recordings. P1 viewed a few 30-second audio 
segments at various times of day. They were satisfied that all the birds they could hear were 
the usual species, and there was nothing more to learn from the recordings. Participants 
varied in their understanding of, and patience for, annotating recorded audio by drawing 
boxes on the spectrogram images. One participant found it thoroughly confusing, and 
suggested a simpler interface, where they could simply click at a location rather than drawing 
a box. Very few tags were added to annotations; however, other participants annotated 
multiple acoustic events. 
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The other three participants returned to the website multiple times. P3 and P5 jumped 
between sites and dates. They focused on the dawn chorus and evenings. They were keen to 
locate any unusual sounds or irregular visitors to their property. Their response to follow-up 
questions indicated that their original goals, of identifying birds visiting overnight and 
documenting calls they were unsure of, remained unchanged. While P3 and P5 did not report 
any particularly exciting discoveries, they were thankful for the opportunity to explore the 
potential of recorded audio. 
Participant P6 had some previous experience with recorded audio used in formal surveys for 
conservation groups. They approached the analysis in a more systematic way. Their approach 
was to sample at the dawn chorus, a few minutes in every hour overnight, and at other times 
of day they knew various bird species were actively calling. Although P6 did not make any 
notable discoveries, they were keen to continue to use acoustic sensors on their property. 
They expressed some marked differences between working with recorded audio for a 
conservation group and for their personal use. The main differences were their increased 
level of knowledge of their property compared to relatively unknown conservation areas, 
and the ability to utilise the recorded audio for their own interests. 
There were some differences in the actual use of recorded audio and experiences of birders 
compared to their expectations and intentions. Some participants expressed surprise at how 
‘comprehensively’ the sensors captured the acoustic ambience. While the visual context and 
other indicators, such as movement of leaves and bird behaviour, were missing, the ability 
to imagine themselves at the location based solely on the audio exceeded their expectations. 
P3, P6, and P2 expressed concern that acoustic monitoring and automated identification of 
birds would render their birding skills obsolete. Some participants initially expressed concern 
that their birding skills would become redundant; however, they subsequently reported 
realising that their skills and knowledge were essential, due to the amount of recorded audio 
and complexity of effective automated analysis. 
5.3.3 Themes 
There were several commonalities in the activities and statements of the participants. Three 
themes of the participatory sensing activity are outlined here. Acoustic sensors provided 
participants with birding opportunities that may not otherwise be available. Analysing the 
recorded audio proved challenging, particularly as it could be time-consuming. Combined 
with mild or no changes to current activities and the ability to derive observations from 
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recorded audio, participants expressed support for incorporating acoustic monitoring into 
their birding routines.  
Acoustic sensors might compensate for restricted birding opportunities 
All five participants expressed some level of dissatisfaction with the amount of time they 
could spend birding around other commitments. For P3 and P5, the main restrictions were 
access to the places they would like to visit and the travel time and effort. They saw potential 
for acoustic sensing to increase the time they could spend listening to the sounds of those 
areas, rather than spending time travelling. Participants also valued the use of acoustic 
sensing for their local patches: sounds from times they could not be present were now 
available, as well as the possibility to document and verify birdcalls from when they were 
present. 
Birders saw placing and retrieving sensors as a straightforward addition to birding practice. 
Often-visited local patches were prime locations for deploying sensors, which also allowed 
for frequent collection. For P6 particularly, deploying sensors in locations that were difficult 
to access provided an added sense of purpose. They could create a record of acoustic activity 
even when they were not present. The potential benefits from maintaining an objective 
acoustic record are growing as the analysis approaches mature, which encouraged P6 to 
continue recording audio. 
Acoustic analysis overwhelmed resources available to individual participants 
Access to acoustic monitoring data excited some participants. However, extracting 
information from the recordings through analysis proved to be more challenging than 
anticipated. Unprocessed recorded audio from the natural environment can be a complex 
cacophony of overlapping birdcalls and other biological and human-made sounds. This may 
be a simple matter for people listening to sounds with the physical context, to choose sounds 
to ignore. Recorded audio replaces the physical context with a visual representation of the 
audio. All participants commented on the difference in sensory points of reference for 
orientating themselves. Participants treated the experience as intriguing and novel. The 
duration of the audio, combined with limited spare time, and the different points of 
reference, proved overwhelming to most of the participants. 
Two participants correctly recognised the potentially large time investment required, and 
decided it was not practical to spend too much time analysing the recorded audio. The other 
three participants conducted the analysis to maximise listening to audio from times they 
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were not present. All three participants separately suggested some form of automated 
assistance. Recommendations included a more integrated way to move between 30 second 
samples from each day of recording, providing an interface to limit the dates and times of 
day displayed, and some form of automated filtering that removed sections of audio with 
few ‘interesting acoustic events. At least two participants questioned whether state-of-the-
art automated analysis of recorded audio could be more effective than human analysis. 
Current automated analysis can be highly accurate for single species in restricted locations; 
however, the level of accuracy falls with increasing regional variation, effects of weather, and 
greater numbers of species to be identified (Digby, Towsey, Bell, & Teal, 2013). 
Acoustic monitoring is seen as an extension of current uses of audio in birding 
Recordings of birdcalls are a common feature of bird guide applications and in learning to 
identify birds. All participants mentioned that audio features in the most common bird guides 
were popular and comprehensive. This was a launching point for discussions around the 
integration of audio recorded by birders themselves. Acoustic sensors usually record in a 
passive, omnidirectional manner, whereas birdcalls in field guides are directed ‘trophy call’ 
recordings that may require expensive and complex recording equipment. Participants 
recognised this difference, including that acoustic monitoring could potentially provide 
scientifically useful data for further ecological investigations. 
Integration of sensor deployment and collection into birding routines was viewed as viable, 
particularly as the goals and expectations for acoustic monitoring reflected personal birding 
goals of the participants. For example, detecting and identifying rare or migratory birds at a 
favoured birding spot can be done by birding in the field, or analysing recorded audio. 
Interesting finds can be confirmed in the field using the recorded audio as a lead. Learning 
more about the birds present, perhaps focusing on how many birds or the variety of species 
present, can also use a combination of birding in the field and acoustic analysis. 
The outcomes from this investigation highlighted the practicalities of including recorded 
audio in regular birding activities, including birder’s experiences of deploying acoustic 
sensors; birders’ opinions and expectations of recorded audio and how it might be a 
challenge or beneficial; and the relation between the collection of recorded audio for 
individual and formal survey purposes. 
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 Discussion 
This investigation aimed to explore birders’ perspectives of integrating acoustic sensing into 
their everyday birding activities. Gathering birders’ understanding and expectations of 
collecting and analysing recorded audio was important for gauging whether and how well 
recorded audio might augment current birding routines. The contribution of this 
investigation was an implementation and analysis of the extension of established birding 
practices. It was designed to be highly participatory, emphasising field study and research in 
the wild. The participants were given support to explore acoustic sensing in the direction they 
preferred. 
While the collection of audio recordings by experienced birders is very similar to the activities 
supported by initiatives such as Xeno-Canto (Xeno-canto Foundation, 2010), the major 
difference is in the purpose and character of the recordings collected. Where Xeno-Canto 
prompts members to upload short recordings containing calls for a single species of interest, 
this project involved untargeted, passive acoustic data collection. The ‘trophy’ calls 
catalogued in Xeno-Canto are mainly examples or requests for assistance in identifying the 
calls. There are benefits gained from both documenting clear examples of many animal calls 
and identifying calls in long-duration recordings to document species richness and trends. 
The participants in this investigation were heavily involved, and were responsible for sensor 
placement and data analysis. Support was provided by the researcher, in the form of sensor 
devices, help using the website for audio analysis, and a minimum of instructions. Although 
there were five participants, the insights gained from accompanying birders in the field were 
substantial. The participants were all experienced birders, which extended to their cultivation 
of bird habitats on their homes and properties.  
The recruitment was restricted to greater Brisbane, due to travel and expense restrictions; 
however, the birders involved were from a range of backgrounds. This geographical 
restriction on recruitment limited the regional variation of birding knowledge of the 
participants. The findings of the investigation remain applicable to birders outside of greater 
Brisbane, as there are many common elements of birding practice, as outlined in the 
literature review. 
The participatory methodology of this investigation included aiding each participant in 
deploying sensors and analysing the record audio. Structured and unstructured observation 
proved to be a practical choice due to the extensive fieldwork. There were opportunities 
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where other methods, such as more extensive interviews or group focus sessions may have 
collected additional data; however, the observation approach resulted in minimal 
interruptions to the participants’ usual routine. This was important to gain insights into 
participants’ genuine experiences with acoustic sensing to respond to the research question. 
Each participant was fully informed of the methods and purpose of this investigation. Ethical 
considerations of accompanying and observing participants were addressed through gaining 
the consent of each participant prior to deploying sensors and making audio recordings 
available. As the recordings could potentially contain conversations or other evidence of 
participant activities, access to each set of recordings was restricted to the participant only. 
This investigation aimed to examine birders’ understanding and expectations of collecting 
and analysing recorded audio as part of their everyday birding activities. This was done by 
assisting experienced birders to deploy acoustic sensors. The findings indicated that acoustic 
sensors might compensate for restricted birding opportunities, the analysis of the recordings 
overwhelmed the resources available to individual participants, and acoustic monitoring was 
viewed as an addition to current uses of recorded audio in birding. 
Restricted opportunities for birding was a common sentiment. This mainly referred to 
opportunities to access local patches, and influenced decisions around travel times to places 
farther away. The restrictions cited were family or work commitments, adverse weather, 
personal safety, and difficulties in accessing an area, such as terrain or proximity to amenities. 
There were favoured locations that birders found particularly attractive due to habitat or bird 
species. Recorded audio was viewed as a way to overcome the restrictions, through recorded 
audio acting as a proxy for physical presence of a birder. 
One of the explicit reasons participants were interested in acoustic sensing was for the 
potential of birding at locations they would otherwise rarely be able to visit. When a visit was 
possible, deploying a sensor or collecting recordings enhanced the value of the effort 
required. This related to the duration of acoustic sensor deployments, both during this 
investigation and durations deemed practical by participants. The sensor deployment 
duration in this investigation reflected the restrictions participants would encounter, when 
incorporating recorded audio into their birding. This could create situations where sensors 
needed to be collected before the recommended deployment duration, or after batteries 
were consumed. However, participants did not see these challenges as insurmountable. 
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The analysis of collected audio proved the most challenging for participants. All participants 
were interested in extracting information from recordings; however, the analysis tools and 
resources available to participants were not sufficient to make the activity worthwhile. The 
limited time spent on analysis reflected this frustration, although participants did obtain 
some useful outcomes from analysis. The inclusion of spectrogram images was appreciated 
and they were quickly understood. Participants could see the benefits of annotating by 
drawing rectangles and applying tags. The main blocker was the amount of audio, which 
ranged from a-day-and-a-half in duration up to almost eight days. The need to listen to the 
audio more than once increased the required time investment beyond the duration of the 
audio. This was consistent with previous research that showed at least a doubling in time 
required for a person to analyse recorded audio (Wimmer et al., 2012). 
Suggestions from participants mirrored the overwhelming amount of time required to 
analysis the audio. They recommended including ways to remove segments of audio with 
little activity, or highlight segments that might be interesting. Overall, a greater level of 
automated analysis was required. Before attempting analysis, three participants mentioned 
that they felt acoustic sensing would replace them or render their birding skills unnecessary. 
This sentiment reduced as they encountered the complexity of recorded audio, and their own 
difficulty with analysis. 
Participants approached acoustic sensing as an addition to the current uses of recorded audio 
in birding. It also opened up previously little-explored considerations of what birders were 
eager to record. Participants in this investigation were interested in documenting the 
acoustic activity of a location they knew well, exploring the effect of human routine on sound 
in their area, and using recorded audio as an aid to focus on quieter or uncommon birds that 
were often obscured by noisier or common birds. The range of interests in this investigation 
suggested that birders need to be supported to make use of recorded audio as they see fit, 
possibly in addition to the conservation or scientific goals for recorded audio. The formal and 
personal goals often overlapped. 
Deployment of sensors was straightforward for most participants. There were some concerns 
about the exact locations of the devices; however, most participants were satisfied to place 
a sensor within close proximity to an area of interest. The participants took care to follow 
deployment protocols, such as not to place sensors on the ground, to lessen the chance of 
water or animal damage. 
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The participants in this investigation were keen to make use of recorded audio. There was a 
variety of reasons for being involved, including popular goals such as providing a record of 
difficult-to-access locations, as well as individual reasons, such as wanting to confirm 
uncertain identifications. On the whole, the intentions and expectations for recorded audio 
matched the actual outcomes. A common challenge was the amount of recorded audio, and 
the need for additional aid, such as automated analysis, to enable participants to successfully 
analyse the audio. 
This investigation was important because the collection of audio recordings by birders has 
not been examined in detailed before. Collaboration with the birders, particularly around 
respecting their established practices, was crucial in obtaining insightful observations. The 
findings from this investigation will be useful for engaging with birders to enlarge the 
geographic and temporal coverage of acoustic sensing. Future work could investigate ways 
to support birders in analysing acoustic data, particularly through reducing the duration of 
recordings to analyse. Additional work could also consider providing birders with easy and 
cheap access to acoustic sensing devices, in exchange for contributions to acoustic 
monitoring programs. 
 Summary 
This chapter considered how birders could incorporate acoustic sensing into their local 
birding activities. The preceding chapter reported the backgrounds of Australian birders and 
their use of recorded audio. The remaining three chapters evaluate computer interface 
designs for birders to identify birdcalls. The findings in this chapter bridge current uses of 
recorded audio to analysis of acoustic sensor data, through judgements by birders of how 
acoustic sensing might affect their local birding activities, and how birders might benefit from 
analysing recorded audio. 
The findings of this investigation showed that the participants were interested in acoustic 
sensing for a range of reasons. All participants were keen on the potential for finding the calls 
of birds that visited the location at times a person was not usually present. Some participants 
thought the change in perspective caused by the possibility of replaying sounds and access 
to a visualisation of the recording might help them notice sounds they took for granted or 
could not hear. Some participants targeted particular locations, including near personal 
birding ‘sweet spots’ and away from noisier or more common birds. The participants also 
held concerns, chiefly regarding the difficulty in managing audio files, the processes of and 
time required for reviewing recorded audio, and the overall benefit audio could provide to 
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personal observation records. Overall, birders were cautiously optimistic about the benefits 
of acoustic sensing, when provided with technical assistance to successfully deploy and 
retrieve acoustic monitoring devices. 
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Chapter 6: Study 3 – Identifying Birdcalls in Recorded Audio 
This chapter focuses on the identification of birds from only their calls. The emphasis is on 
the ability and accuracy of birders’ identifications in recorded audio. This addresses the 
identification effectiveness element of the research question (SQ3). The investigation in this 
chapter looks at the application of birding knowledge. It is difficult to determine and describe 
the entire body of experience and knowledge that birders possess. The investigative 
approach is to construct an activity that challenged birders’ existing skills in a new way. Bird 
vocalisation identification in recorded audio is problematic for even experienced and skilled 
birders. The findings of this investigation indicate that birders can successfully apply their 
skills to recorded audio, if provided with the appropriate contextual information and 
assistance with managing acoustic data. 
 Overview 
The purpose of this investigation was to explore the application of birding knowledge to 
identifying bird vocalisations in recorded audio, and to evaluate the results of identifications 
by birders. This investigation was conducted as part of a presentation at the 2014 BirdLife 
Queensland conference. The presentation involved an informal birdcall identification 
challenge using audio playback, slides with the associated spectrogram images, and 
instructions for participating. 
The results showed that it is possible for birders to translate their experience and knowledge 
to identify birdcalls in recorded environmental audio. There are some potential barriers to 
this translation, including the loss of cues such as colour and behaviour, and the complexity 
of the recorded audio. There were three main findings from this investigation. These were 
that birders’ skills can translate from bird walks to online applications; birders can interpret 
recorded audio and can potentially play greater roles in birding; and observations from 
implementing the identification challenge offer insights for collaborating with the community 
of birders. 
The birders who participated were interested in learning through analysing recorded 
environmental audio. Some of the participants were familiar with and regularly used 
applications on mobile devices to recognise birdcalls for particular species. Documentation 
and insights from planning, implementing, and evaluating the investigation can inform future 
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translations. Close collaboration and being receptive to ideas and feedback can help create 
tools that birders can easily use, and provide a way to tap their expertise. 
This investigation was evaluated through comparing identification results among 
participants, comparing the identification results to answers to open-ended questions, and 
an overall check that information from researcher observations and conversations on the day 
aligned with the results and academic literature. Identification results were available from 
two groups: the audience at the conference presentation and individual expert birders who 
have previously worked with the Ecoacoustics Research group. The open-ended questions 
yielded a range of comments, particularly relating to the experience of the identification 
challenge and current use of audio in birding. The author recorded observations and 
experiences at the conference, with a focus on points of confusion, outliers, and 
commonalities among attendees. 
 Design and Method 
This investigation studied the application of social expectations and practices during a bird 
walk, to listening to recorded audio. The identification challenge evaluated the effectiveness 
of birders listening to recorded environmental audio when the usual contextual information 
was not available. The emphasis was on gauging individual skill in identifying birds in a social 
situation with similar pressures as a traditional bird walk. The participants recorded 
observations with little control over the audio playback. This took place at a conference as 
part of a presentation. An audience of approximately 70 people was asked to individually 
write down the birds they could recognise in three 30-second audio recordings or the 
accompanying spectrogram images. This 3-dimensional image of sound can help people 
distinguish or notice sounds that might otherwise be difficult to separate. 
The purpose of this study was to probe the connection between identification skill and 
changes in contextual information. The knowledge and skills required to identify birds solely 
by vocalisation are the same between recorded audio and in the field. There is other key 
information used to identify birds, such as bird behaviour and colour, and nearby vegetation. 
This information would usually be available in the field. For the identification challenge, this 
visual information was not available and instead was replaced with a spectrogram image of 
the recorded audio. 
The challenge aimed to gather birders’ perspectives on the use of recorded audio and gauge 
their identification ability when applied to recorded audio and spectrogram images. It was 
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important to know potential issues with spectrogram images replacing the usual information 
available during a bird walk in the field. The results of this investigation included the bird 
vocalisation identifications, responses to open-ended questions, and observations by the 
researcher of birder participation. The emphasis was on whether identifications were likely 
or not, to be able to draw conclusions about the method of presenting the audio recordings. 
The identification challenge required a situation where participants were thinking about 
birds and could concentrate as they might while in the field. An opportunity was available to 
present at the Birdlife conference at the University of Queensland in May 2014. The 
presentation provided a consistent and uninterrupted atmosphere, where most the audience 
would have birding knowledge. There would be no time for preparation, so the challenge 
would mainly focus on the ability of the audience to recognise bird vocalisations from 
memory. 
The research group responded to the call for participation at the conference with proposals 
for a presentation and workshop on acoustic sensing. Both activities included an overview of 
the biodiversity monitoring and scientific goals of the group. The twelve-minute presentation 
gave an overview of the citizen science endeavours of the Ecoacoustics Research group, and 
included the identification challenge. The subsequent workshop was an opportunity for the 
attendees to use the research group’s existing website for annotating recorded audio and 
discovering the natural environment through audio recordings of a range of locations around 
Australia. 
The instrument used in this investigation was a PowerPoint slide set containing information 
about three locations, audio, and spectrogram images, along with a handout, to be 
completed by the audience during the conference presentation. The activity for the audience 
was to listen to the three recordings and associated spectrograms, and then identify the 
birds, as they would while on a bird walk. Section 6.3 details the actual procedure followed 
and analysis of results. The participant information document is included in Appendix H, and 
the handout is included in Appendix I. 
6.2.1 Presentation and Paper Questionnaire 
The presentation consisted of three parts: the first was an explanation of the Ecoacoustics 
Research Group’s current work and the specific purpose of this study within the group. The 
second was the identification challenge. The last stage presented results from an analysis 
performed by a birder who works with the research group. The reason for this presentation 
was, that while recorded audio is a useful way to monitor biodiversity, it moves the burden 
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of analysis to the large amount of acoustic data. This data could be analysed by birders, 
through extending current birding activities to include recorded audio. 
The identification challenge was introduced as an “informal challenge to see how many 
different species you can identify”. The audience members were asked to write down the 
names of birds they recognised in the sound. The audio clips were played twice each, and 
participants were shown each slide for approximately 90 seconds. Audience members who 
chose to participate were to find as many species as they could, identifying each species once 
per recording. There were three 30-second duration recordings from Samford, Queensland; 
Warra, Tasmania; and Bickerton Island, Northern Territory. The three disparate locations 
were chosen to approximate the expected levels of birding experience at the conference: 
audience members were more likely to be familiar with South East Queensland and Samford 
than with Tasmania. Very few people were likely to have visited or had knowledge of 
Bickerton Island. This provided a scale of difficulty that allowed for verification of skill levels 
and the chance for birders familiar with the locations to display their knowledge. The slides 
containing the instructions are included in Appendix H. There were handouts available that 
included the spectrogram images for reference. The handout is included in Appendix I. 
Audience members were asked to return the handout after the presentation.  
For each of the three audio recordings, a variety of information was provided to establish 
context (Figure 6.1), including: 
 the location the recording was made, including the Australian state or territory; 
 the spectrogram image for the audio; 
 the date and time of day the recording started; 
 the dawn and sunrise for the day, as all the recordings were in the early morning; 
 the type of vegetation where the acoustic sensor was deployed (e.g. open eucalypt 
forest); and, 
 the audio recording. 
 
   151 
 
Figure 6.1 – Conference presentation slide for Samford, Queensland: from 6am September 2, 2013, 30 seconds’ 
duration (dawn 5:39am, sunrise 6:02am). Recorded in Open Eucalypt Forest. Includes audio, spectrogram and a 
photo of the area. 
 
Figure 6.2 – Conference presentation slide with annotations and species names for Samford, Queensland. 
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Bird vocalisations from two groups of birders were assessed in this investigation – one group 
was formed by the audience members, and the other group was comprised of two individuals 
who also identified birds in the three 30-second audio recordings. The two individuals 
identified bird calls prior to the conference, in their own time, with access to reference 
materials. These more relaxed conditions made their identifications more likely to be 
accurate. This was done as a comparison to the audience responses. The two people were 
long-time birders who had extensive knowledge of birds in South East Queensland, and 
limited birding experience in Tasmania and Northern Territory. Their areas of experience and 
were similar to the majority of the audience at the conference. The same two birders helped 
to interpret the written responses on the handouts. 
Each of the three audio recordings was played twice, with pauses between each playback to 
allow for writing and discussion. The next step was to display annotated spectrogram images 
from the analysis performed by the two birders who worked with the research group (Figure 
6.2). The reasons for this were to give people an idea of the birds present in the recordings, 
the associated parts of the spectrogram images, and encourage discussion and give some 
feedback to the audience. The birds identified by the birder were listed on the slide. The 
birder identified eleven birds at Samford, four at Warra, and five at Bickerton. 
6.2.2 Analysis 
The results from this investigation were the audience responses to the three 30-second audio 
recordings, responses to the two open-ended questions on the handout, and researcher 
observations from the presentation and BirdLife conference. These results were analysed 
with the purpose of evaluating the effectiveness of birders at identifying bird vocalisations in 
recorded audio, when there is limited time and the usual contextual information is different. 
The analysis also looked at defining the issues and concerns birders encountered during the 
identification challenge. 
Audience responses were handwritten on the handout created for the presentation. The 
handwritten responses posed some difficulties understanding the identified species names. 
The handwritten responses were transcribed and aggregated to produce the observation list 
for each participant. Some interpretation was required to parse the handwriting and produce 
the taxonomic lists. The interpretation was lenient: if the writing could be deciphered, and 
the words were like a species name, the listing was included. For example, in the Warra, 
Tasmania recording, ‘thornbill’ and ‘scrubwren’ were interpreted as ‘Tasmanian Thornbill’ 
and ‘Tasmanian Scrubwren’ respectively. There were a number of different, yet valid, names 
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used for the rooster in the Samford, Queensland recording: chicken, chook, fowl, and 
junglefowl. Some people wrote a general type of bird rather than a specific species (e.g. 
‘whistler’, ‘fairy wren’). The two individual birders who annotated the recordings prior to the 
presentation helped to interpret these entries. If an entry matched a common bird at the 
location, the entry was judged as a match. Where more than one common bird could match 
an entry, it was discarded. 
The audience identifications for the three audio recordings were assessed to gauge whether 
the identifications were likely or not, using identifications by birders under more comfortable 
conditions, with access to reference sounds. Several location-based species lists were also 
used to ensure that the identified birds had been been recorded at the location. Using the 
information regarding whether the identifications were likely or not, the effectiveness of the 
birders in these conditions could be established. The effectiveness was judged based on the 
ratio of likely to unlikely identifications, the number of identifications, and the audience 
members’ engagement and experience. Engagement and experience were assessed using 
the responses to the open-ended questions and researcher observations. The responses and 
observations included some issues raised by birders that were also evaluated. 
The lists of species were gathered from the Atlas of Living Australia and Birdata (Birdlife 
Australia, 2012a), the Queensland Government Department of Science, Information 
Technology, and Innovation’s Wildlife Online: Species List of a Specified Point (Wildlife 
Online, 2015), and Parks and Wildlife Tasmania’s Bird List (Parks & Wildlife Service, 2015). 
These sources were curated lists that included government and expert contributions. These 
species lists were considered the most authoritative and location-specific information 
sources, due to being collated over time, and regularly re-assessed by knowledgeable 
experts, with contributions from a range of people and organisations. 
 Results 
The data from this investigation were in two main forms: the handouts filled in by the 
audience during the presentation at the conference, and the researcher observations of the 
audience’s participation and reaction to the identification challenge. The handout contained 
handwritten names of bird species identified in the recorded audio and responses to open-
ended questions. Approximately 150 people attended the conference over the two days, 
with around 70 people in the audience for the presentation session that included the 
identification challenge. At the end of the presentation, 22 people returned completed 
handouts. The two individual birders described earlier also independently identified birds in 
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the three segments of audio, giving a total of 24 participants. The participants reflected the 
usual demographics of birders – usually older, with money and time available, likely retired, 
or not in full-time work. 
Participants identified 47 distinct species in 150 identification entries for the three 
recordings. Not all the species occur at each location according to the species lists. The 
majority (90%) of identifications were judged likely to be correct. The two individual birders 
identified double or more than the number of species that the audience members identified. 
The number of identifications at Samford compared to the other two locations reflected the 
stated experience and knowledge for the locations: many people were familiar with Samford, 
while few people had visited Warra in Tasmania or Bickerton Island in the Northern Territory. 
The open-ended responses indicated that 
participants did find the identification challenge 
difficult; however, there was interest in integrating 
audio into birding activities. Some people already 
used mobile apps or CDs to learn bird vocalisations 
and refresh their memory while travelling. A few 
participants wanted the audio to be replayed again, 
as the auditorium did not lend itself to 
distinguishing sounds. 
6.3.1 Birdcall Identifications 
Audience members participated in the spectrogram 
challenge by writing responses on the handout 
provided during the presentation. There was no requirement to participate, and only a 
proportion of the audience chose to fill in and return their handouts. The written responses 
were similar to Figure 6.3. Some responses included indications of the associated part of the 
spectrogram. 
As part of evaluating the results, the identifications of all participants (Table 6.1) were judged 
as either likely or unlikely to be accurate. This evaluation compared responses to reliable bird 
lists (Table 6.2) for the three locations, as described previously in the design and method 
section. An additional check was that two or more audience members, or at least one of the 
two individual birders, included the species in their list. 
Figure 6.3 – Identification of 'Lewin's 
HE?' by an audience member, with part 
of the spectrogram circled 
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From the 150 identifications recorded by all 24 participants, 10% were judged to be unlikely, 
due to not being on the species list for the location, or only one audience member recorded 
the species. Six audience members recorded observations that were unlikely to be correct. 
However, in general, when participants did record observations, they were likely to be 
correct. The typical number recorded were between one and three species for all except one 
participating audience member (A14), who recorded the highest number of species of all 
audience members. This person recorded five unlikely identifications and eight likely 
identifications. The highest number of likely identifications by audience members – eight – 
was shared between four people (A9, A10, A14, A22). The individual birders identified around 
20 likely species each, more than twice the total of any audience member. 
Table 6.1 – Participant birdcall identifications 
Participant 
(count: 24) 
Samford Warra Bickerton Likely 
Total 
Unlikely 
Total Total Likely Unlikely Likely Unlikely Likely Unlikely 
A1 3 1 2 0 2 0 7 1 8 
A2 3 0 2 0 1 0 6 0 6 
A3 4 1 0 0 2 1 6 2 8 
A4 3 1 1 2 2 0 6 3 9 
A5 6 0 0 0 0 0 6 0 6 
A6 1 0 0 0 0 0 1 0 1 
A7 1 0 1 0 0 0 2 0 2 
A8 2 0 1 0 0 0 3 0 3 
A9 4 0 2 0 2 0 8 0 8 
A10 6 0 1 0 1 0 8 0 8 
A11 1 0 1 0 1 0 3 0 3 
A12 3 0 0 0 0 0 3 0 3 
A13 2 0 0 0 0 0 2 0 2 
A14 3 3 1 0 4 2 8 5 13 
A15 2 0 0 0 0 0 2 0 2 
A16 2 0 1 0 1 0 4 0 4 
A17 3 0 0 2 1 0 4 2 6 
A18 4 0 0 0 0 0 4 0 4 
A19 2 0 0 0 0 0 2 0 2 
A20 2 0 0 0 1 0 3 0 3 
A21 1 0 0 0 0 0 1 0 1 
A22 4 1 2 1 2 0 8 2 10 
B1 11 0 4 0 5 0 20 0 20 
B2 11 0 4 0 3 0 18 0 18 
Total 84 7 23 5 28 3  135 15 150 
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Table 6.2 – Species identified by participants, which are potentially present in three locations based on publicly 
available checklists 
Species 
(count: 47) 
Samford,  
Qld 
(count: 32) 
Warra,  
Tas 
(count:16) 
Bickerton Is,  
NT 
(count: 22) 
Arafura Fantail (Rhipidura dryas)   yes 
Australasian Figbird (Sphecotheres vieilloti) yes  yes 
Australian Magpie (Cracticus tibicen) yes yes yes 
Bar-shouldered Dove (Geopelia humeralis) yes  yes 
Bassian Thrush (Zoothera lunulata)  yes  
Blackbird (Turdus merula)  yes  
Black-headed Honeyeater (Melithreptus affinis)  yes  
Brown Gerygone (Gerygone mouki) yes   
Brown Honeyeater (Lichmera indistincta) yes  yes 
Brown Thornbill (Acanthiza pusilla) yes yes  
Dusky Robin (Melanodryas vittata)  yes  
Eastern Whipbird (Psophodes olivaceus) yes   
Eastern Yellow Robin (Eopsaltria australis) yes   
Grey Butcherbird (Cracticus torquatus) yes yes yes 
Grey Fantail (Rhipidura albiscapa) yes yes  
Grey Shrike-thrush (Colluricincla harmonica) yes yes yes 
Lemon-bellied Flycatcher (Microeca flavigaster)   yes 
Lewin’s Honeyeater (Meliphaga lewinii) yes   
Little Friarbird (Philemon citreogularis) yes  yes 
Mangrove Gerygone (Gerygone levigaster)   yes 
Mangrove Golden Whistler (Pachycephala melanura)   yes 
New Holland Honeyeater (Phylidonyris novaehollandiae)  yes  
Noisy Miner (Manorina melanocephala) yes yes  
Northern Fantail (Rhipidura rufiventris)   yes 
Peaceful Dove (Geopelia placida) yes  yes 
Pheasant Coucal (Centropus phasianinus) yes  yes 
Pink Robin (Petroica rodinogaster)  yes  
Red-back Fairywren (Malurus melanocephalus) yes  yes 
Rofous Fantail (Rhipidura rufifrons) yes  yes 
Rooster / Chicken / Red Junglefowl (Gallus gallus) yes yes yes 
Rufous Shrike-thrush (Colluricincla megarhyncha)    
Rufous Whistler (Pachycephala rufiventris) yes  yes 
Scarlet Honeyeater (Myzomela sanguinolenta) yes   
Spotted Dove (Spilopelia chinensis) yes   
Superb Fairy-wren (Malurus cyaneus) yes yes  
Tasmanian Scrubwren (Sericornis humilis)  yes  
Tasmanian Thornbill (Acanthiza ewingii)  yes  
Tawny Grassbird (Megalurus timoriensis) yes   
Varied Triller (Lalage leucomela) yes  yes 
Variegated Fairywren (Malurus lamberti) yes   
White-browed Scrubwren (Sericornis frontalis) yes   
White-naped Honeyeater (Melithreptus lunatus) yes   
White-throated Honeyeater (Melithreptus albogularis) yes  yes 
White-throated Treecreeper (Cormobates leucophaea) yes   
Willy Wagtail (Rhipidura leucophrys) yes  yes 
Yellow Oriole (Icterus nigrogularis)   yes 
Yellow-faced Honeyeater (Lichenostomus chrysops) yes   
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Figure 6.4 – Birdcall Identification Counts Per Species 
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The identifications for the three locations varied in number of species and agreement of the 
participants. Participants were knowledgeable about the local Samford area, and struggled 
with the Tasmania and Northern Territory locations. Identifications were aggregated per 
participant into groups based on whether the species were likely or unlikely. Figure 6.4 
indicates the number of identifications per species, and whether the identifications were 
judged likely or unlikely to be correct. Figure 6.5 aggregates unique birdcall identifications by 
location, and Figure 6.6 complements Table 6.1, showing a comparison of likely, unlikely and 
total birdcall identifications per participant. 
 
Figure 6.5 – Unique Birdcall Identification Counts Per Location 
 
Figure 6.6 – Participant birdcall identification counts 
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Samford, Queensland 
All except one audience member who returned their handout listed the Eastern Whipbird in 
the Samford audio recording. The rooster and Brown Honeyeater were listed by half and a 
third of the respondents respectively. There were 18 distinct species identified by the 
audience. Three people noted the all three of these species: Grey Fantail, Brown Thornbill, 
and Lewin’s Honeyeater. The individual birders listed all the species that three or more 
audience members also listed, apart from the Brown Thornbill. There were twelve species 
included by only one or two audience members. No one in the audience listed two of the 
species (Australasian Figbird and Bar-shouldered Dove) both the individual birders identified. 
There were eleven birds listed by the audience that the individual birders did not list, and 
seven birds the individual birders listed that the audience did not list. Overall only nine 
species of 25 in total (about one-third) were listed by at least one of the individual birders 
and one or more audience member. 
Warra, Tasmania 
The Warra, Tasmania recording posed a more difficult challenge to the individual birders and 
the audience, mainly because very few people had birding experience in that area. There was 
very little agreement amongst the audience on which bird species were present. Some 
respondents indicated the presence of a wren and scrub bird, but could not be more specific. 
The Pink Robin and Tasmanian Scrubwren were the only two of 14 species listed by both the 
audience and the individual birders. Five members of the audience listed the Tasmanian 
Scrubwren, which was the species was listed most often by the audience. Three of the species 
listed by the individual birders were not listed by the audience, while nine (two-thirds) of the 
species listed by the audience were not listed by the individual birders. 
Bickerton Island, Northern Territory  
The audio recording from Bickerton Island, Northern Territory, was also a challenge for most 
of the audience. Several people identified doves and fantails. There was a wide spread of 
specific identifications, again reflecting the lack of familiarity with the area. The individual 
birders agreed on a single species from the total of 14. The individual birders did not list half 
of the birds listed by the audience. The Rufous Whistler was listed by one-third of the 
audience (seven people); three or fewer audience members listed all other species. The 
audience did not list three of the species listed by the individual birders. 
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6.3.2 Open-ended Responses 
The handouts included two questions prompting participants for responses regarding their 
experience of the identification challenge. The questions were: 
1. “What did you think of this identification challenge?” 
2. “How might you integrate listening and analysing audio recordings into your birding 
activities? For example, recording sounds at your local patch or listening to 
recordings from a place you have not visited?” 
These questions needed to be straightforward, as participants had limited time to respond. 
The goal was to elicit feedback on the experience of participating in the challenge and the 
potential applications of recorded audio according to participants. This was consistent with 
the research question for this investigation: the translation of birding experience and 
knowledge to recorded audio. The responses were coded using descriptive coding and in vivo 
coding. Descriptions were built from the codes, and participants’ phrases were used to 
establish specifics. The emphasis was on the perspectives of participants relating to the 
places, experiences, and relationships affected by recorded audio.  
There were 18 responses to question one, and 13 responses to question two. The responses 
centred on the difficulty of the identification challenge, the participants’ current uses of 
audio, and potential applications and ideas for acoustic data. A number of people already 
made use of recorded audio as part of their birding, including for learning birdcalls and 
monitoring a species. 
1. “What did you think of this identification challenge?” 
The first question elicited mainly comments about the difficulty of the identification 
challenge. Eight people said they found the activity “difficult”, “hard”, or “very difficult”. This 
was due to “need[ing] memory joggers for reference”, requiring “some recent refreshing” of 
the likely birdcalls, or lacking knowledge of one or more of the locations. There was a distinct 
split between Samford and the other locations – people did not “know Tassie or NT birds” or 
had not “been to Tasmania or the Northern Territory”. Samford seemed to be known by 
nearly all the participants. 
Expressions of the level of enjoyment of the challenge included: 
 “I loved it!” - expressed by two audience members 
 “good” or “great” idea - expressed by six audience members 
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 “not my scene” or “hard to hear” – expressed by four audience members 
Around a third of people found the challenge interesting, particularly from the point of view 
of “getting local birders involved” or learning or refreshing their memory of bird calls. Three 
people expressed frustrations due to the circumstances of the presentation: the auditorium 
made it difficult to hear the audio properly; the lack of other identifiable cues (such as bird 
movement) reduced their accuracy along with no chance to exhibit their knowledge of other 
aspects of birds.  
2. “How might you integrate listening and analysing audio recordings into your birding 
activities?” 
Audio recordings of birdcalls were already in use by at least five people “primarily for 
learning” bird calls from CDs or mp3 files. The main uses of audio specified by the participants 
were to “cross-check” observations in the field and learn bird calls when travelling to a new 
location. Six people were interested in better tools for learning birdcalls before or during 
travel. Mobile apps used by two of the respondents were seen as valuable information for 
refreshing their memory or providing hints for unknown birdcalls. 
While some people “use [their] ears more than sight”, others had “difficulty due to deafness”. 
This indicated there were a range of abilities and potential applications of audio. The use of 
recorded audio was predominantly seen as a learning tool – through CDs, mobile phone 
applications, or the research group’s website. Two people were interested in using audio to 
monitor a location for determining species presence or absence either at a regular birding 
spot or for threatened species. 
6.3.3 Researcher Observations 
Observations were recorded over three timeframes: during the presentation and 
identification challenge, during the break between conference sessions after the 
presentation, and over the entire weekend of the conference and workshop. Records were 
made of activities during the identification challenge and in-person discussions between the 
researcher and participants. Observations confirmed that most people already knew or 
quickly understood the meaning of spectrograms as a visual representation of audio. Some 
people had limited interest in recorded audio, while others were keen to learn more and 
integrate recordings into their birding activities.  
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Observation of the audience during the presentation revealed that there were collaborative, 
competitive, and isolated participants. Some people decided to share their identifications, 
while others hid their identifications until the end of the challenge. Some of the participants 
drew on the handout to indicate a subsection of a spectrogram image or highlight 
information. One participant drew on a spectrogram to link an acoustic event with a species 
name (see Figure 6.3). The majority of people in the audience were paying attention to the 
recorded audio and spectrograms. Some people were more interested in listening to the 
audio and inspecting the spectrograms than recording their observations. 
The level of difficulty of the identification challenge was reflected in the open-ended 
responses as well as researcher observations. A number of people asked for the recordings 
to be played additional times – this was not possible due to time constraints. The challenge 
tested prior knowledge of birdcalls, with no opportunity to consult reference sounds. A few 
members of the audience appeared concerned that they may not fare well in the challenge. 
This may have stopped some people from submitting their completed handout after the 
presentation. It was made clear during the presentation that participation and returning the 
handout was completely optional, and people could change their mind at any time. 
There is significant anecdotal evidence, as well as at least one published measurement 
(Wimmer et al., 2013), that locating and identifying bird calls in recorded audio can take at 
least twice as long as the audio duration, increasing as the density of acoustic events 
increases. During the presentation, this was reflected in a few audience members requesting 
the audio be played again. The three reoccurring reasons for wanting the audio to be 
replayed were a) not hearing all of a call, b) wanting to focus on each call within multiple 
overlapping calls, and c) not being familiar with the location. 
Conversations with conference attendees included some valuable comments. At least three 
people mentioned the practise of describing bird vocalisations in an onomatopoeic way. 
Some guide books include a description of birdcalls using real or made-up words. One person 
discussed their personal descriptions of birdcalls, including one that reminded them of the 
“sound of liquid”, specifically the ‘drip’ or ‘plop’ sound. These descriptions of bird 
vocalisations tend to be more commonly known when the sound can easily be summarised 
by a mnemonic. However, there were comments that very few of the descriptions of birdsong 
in words were useful.  
Sound was cited by a number of people as being more of an indication that a bird was around, 
particularly for people who had limited knowledge of bird vocalisations. There was a variety 
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of perspectives on birding by ear: from a bird needing to be seen or photographed to be a 
‘valid’ observation, to simply hearing and recognising a call being justification enough to 
record an observation. People placed varying amounts of emphasis on their knowledge of 
birdcalls. For some birds, their calls were often the only way to know they were present. For 
example, the eastern whipbird has a well-known and distinctive ‘ooohoo-whip’ male call with 
a subsequent ‘cheoo-cheoo’ female response. Whipbirds are “hidden” or “shy” birds that can 
be quite difficult to observe. 
Other comments were around the information included with the three audio segments in 
the identification challenge. There was little consensus around the information people 
thought necessary. The location and time of day were useful to everyone who mentioned 
this topic; however, weather, sunrise time, photographs of the environment, and season, 
were appreciated by some and dismissed by others. All those that raised this issue agreed 
that additional information beyond the audio and spectrogram was necessary. 
 Discussion 
This investigation provided insights into translating the process a birder goes through when 
identifying birds using sound. The translation of bird identification from traditional birding 
activities to similar activities involving recorded audio aimed to evaluate contextual 
information and the approach of birders. This translation informed the activities and 
contextual information required for online audio analysis. A potential avenue for 
collaboration with birding communities was evaluated during the BirdLife Conference at the 
University of Queensland in Brisbane. 
It was important to assess the viability of bird identification using recorded audio and the 
spectrogram image derived from the audio. The integration of recorded audio into birding 
activities depends on the established knowledge and skills of birders being easily applied to 
acoustic data. The sounds are the same, therefore the recognition of aural cues is equivalent; 
however, it was not clear how dependent identifications were on the spectrogram image and 
photographs compared to the usual sights when birding outdoors. The results from this 
investigation indicate that while the change in visual information available does affect bird 
identification, it is possible for practised birders to adapt to identify birds in recorded audio 
and spectrograms. 
The major addition in this investigation was the spectrogram image. While many birders 
make use of recorded audio to develop and refresh their memory of bird vocalisations, a 
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much smaller number refer to spectrograms (Constantine, 2006). The spectrogram image 
grants at least two benefits: a visualisation of the sound provides a visual representation of 
what can be heard, and more than one sense can be used to scan for and identify bird 
vocalisations. 
This question prompted three threads of inquiry: how effective birders are at identifying 
birds in recorded audio, birders’ perspectives on the change in information available 
between ‘in the field’ birding and using recorded audio, and opportunities and issues arising 
from the application of birding knowledge to recorded audio and spectrogram images. 
Investigations concentrated on the perspective of birders, in particular on how they 
approached the identification challenge, and how they adapted to the replacement of the 
usual visual information with a new type of information. 
6.4.1 Birders’ identification effectiveness 
This investigation looked at the effectiveness of birders identifying birds in recorded audio, 
and how challenging the task was for the birders. The identifications were assessed in two 
ways:  
1. whether the identification was likely or not, according to reputable species lists and the 
number of identifications of the same species among all participants, and 
2. in comparison to two birders identifying bird vocalisations in a situation with less 
pressure and more information available.  
These methods of judging accuracy were reasonable, as the people participating mainly 
recorded observations in parallel and independently. Comparisons to existing lists and 
identifications by birders in a different situation are commonly made by birders as part of 
their birding. 
Effectiveness in this case related to the accuracy of identifying bird vocalisations and the level 
of difficulty for birders to identify birdcalls in recorded audio. Accuracy was measured, as to 
whether it was likely or unlikely that an identification of a bird was correct. This was judged 
based on species lists for the specific areas, and an approach similar to the collation of ‘in the 
field’ observations. This approach revolves around observations by multiple birders, where 
the same observation by a few people increases its reliability. 
Overall, 90% of the observations recorded by audience members who participated in the 
identification were likely to be correct. Although half of the participants identified four or 
fewer species over the three 30 second segments, all of their observations were judged likely 
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to be correct. As the number of identifications grew, so did the potential for the 
identifications to be unlikely to be correct. 
The differences in the situation for audience members and the two individual birders, could 
be seen in the number of identifications likely to be correct. The number of likely correct 
identifications by all participants reflected their stated familiarity with the three locations. 
The audience members achieved a maximum of half the number of likely correct 
identifications compared to the individual birders at all three locations. The results are 
contingent on the sampling process, as the people who handed in their responses were those 
who were confident in their identifications, out of the members of the audience. Audience 
members may have also collaborated to identify birdcalls. This self-selection and potentially 
different degrees of effort applied to each response were considered acceptable for this field 
research, as they are similar to birder interactions in the field. 
The lack of an objectively correct species list for this investigation reflected a common 
problem. Species lists, even those composed by governments and conservation groups, are 
an aggregation of observations by people with varying degrees of experience, knowledge, 
and skill. The reliability of observations is usually improved through aggregation; however, 
this is difficult in areas where few people have experience or visit in person. 
While the identification challenge was difficult for many of the audience members, the 
identification results show that the majority could apply their birding knowledge, even if that 
required them to indicate that they did not recognise any species. Three people returned 
handouts that indicated explicitly they did not recognise any birds in the Warra, Tasmania 
and Bickerton Island, Northern Territory recordings. It is necessary to indicate overtly that no 
birdcalls were recognised, compared to taking no action (e.g. writing nothing). The 
importance for researchers and people assessing the observations is in knowing that some 
effort was made, with no results, compared to no indication of whether the person 
attempted to identify birdcalls or not. 
6.4.2 Available Information 
There were obvious and real differences between the information available on a bird walk in 
the field and from recorded audio. The aural information from recorded audio is a faithful 
replication of the audio in the field. Information for other senses was completely replaced, 
including visual information from movement, colour, and behaviour; and a sense of the 
weather, wind, clouds, and rain. These changes can cause birders difficulties when identifying 
birds, particularly when distinguishing features are mostly visual rather than aural. Although 
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the loss of information can reduce the avenues for identifying birds, the majority of birds do 
vocalise and can be identified by the vocalisations. The addition of a visual method for 
distinguishing sounds in the form of spectrogram images provides additional nuances that 
are not available in the field. 
The change in information available affected the birders’ identification process. Birders 
commonly become aware of the presence of a bird through detecting movement and bird 
behaviour. This method of finding birds is not available with recorded audio. Instead, birdcalls 
are detected through aural or visual information available. Spectrogram images pose a new 
situation for birders: whereas in the field there are multiple pieces of information available 
through a single medium, recorded audio offers the same piece of information through two 
mediums. Two senses can be used to crosscheck potential bird vocalisation identifications. 
Metadata from the recorded audio can be useful to birders. This includes the name of the 
precise location; the time of day; season; general weather reports or measurements for that 
day and area; times of sunrise, dawn, dusk, and sunset; and photographs or video of the area 
surrounding the acoustic sensor. The location and time of day are crucial for identifications, 
as the birds potentially present are influenced by this information. The usefulness of other 
details, such as weather, season, and sunrise times, is unclear. Descriptions and images of 
the vegetation can be useful to refresh birders’ memories. 
6.4.3 Opportunities and issues 
This investigation showed that birders already integrated recorded audio into their birding 
activities as reference and learning material for birdcalls. Through these materials, birders 
are also occasionally exposed to spectrograms and waveforms as ways to visualise and 
inspect audio. A few people used acoustic sensors from personal interest or record-keeping 
goals. Small amounts of audio – one or two days’ duration – can be processed entirely by 
birders without assistance from automated analysis. This is a distinction between the goals 
of personal recording and projects that deploy many sensors: a small amount of audio can 
still yield useful information, albeit constrained by timeframe and location. 
The responses to the open-ended questions indicated that there is an opportunity to provide 
recorded audio from difficult-to-reach locations. This would help improve birders’ knowledge 
of areas that few people experience, and allow more reliable analysis of the recorded audio 
from these areas. Deployment of sensors does not need to be done by the same people who 
interrogate or analyse the recorded audio. A more important consideration is knowledge of 
the location and access to reference materials to improve identification accuracy. Birders are 
   167 
known to invest time, money, and effort to travel for birding activities. This dedication may 
also apply to audio obtained from locations that are out of reach due to financial, health, or 
transport considerations. 
Identifying birds in recorded audio can require some orientation. This was highlighted by the 
audience members’ identifications and open-ended responses. The activity needs to be made 
both more straightforward and easier to complete. The identification challenge included 
some inherent restrictions that would not be present in everyday interactions with recorded 
audio. Increased understanding and use of spectrograms would allow birders to scan visually, 
which is quicker than listening to the recorded audio. 
 Summary 
This investigation presented pre-selected audio recordings to birders in a situation with 
restricted access to resources, to determine if their bird vocalisation identification skills could 
be effectively applied to recorded audio. It differed from the investigation making use of a 
translation of a familiar checklist, described in the next chapter, in the aspect of birding 
practice under study: this identification challenge looked at whether bird identifications were 
likely to be correct, whereas the checklist evaluated how the modified checklist affected the 
method for noting birdcall observations. This investigation raised possibilities for 
collaboration between knowledgeable birders and researchers who can provide birdcall 
identification interfaces. Researchers can learn from the approach and passion of birders, 
while birders can gain access to acoustic analysis tools and sounds from locations they may 
not otherwise visit. 
Determining the feasibility and design implications for interfaces for analysing acoustic data, 
required that birders could identify birds from their calls alone. This chapter addressed the 
research question through assessing the effectiveness of bird identifications. Overall, 90% of 
the observations recorded by audience members, who participated through returning their 
handout, were likely to be correct. This result may include bias due to only including 
observations audience members were confident in recording, or only those who were 
confident enough to return their handout sheet. Although half of the participants identified 
four or fewer species over the three 30-second segments, all their observations were judged 
likely to be correct. This is a key factor in the next two chapters, which report the design and 
evaluation of prototype websites that rely on the ability of birders to identify birdcalls, 
without the additional cues of behaviour, size, shape, and colour available in outdoor birding. 
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Chapter 7: Study 4 – Translating a Familiar Birding Checklist for 
Acoustic Analysis 
This chapter evaluated an exploratory prototype that was a translation from a bird survey 
checklist regularly used by birders in the field to an online checklist form. It addressed the 
third research question (SQ3) of how computer interfaces can support birders to identify 
birdcalls in recorded audio. The familiar elements of the checklist anchored the new 
experience of analysing recorded audio and associated spectrogram images.  
This investigation concentrated on two areas: interactions with the interface elements when 
identifying birdcalls and birders’ assessment of the translation from a paper checklist into a 
novel web application. This chapter documents and evaluates the process of designing the 
prototype and outcomes from the evaluation. It was found that birders documenting their 
identifications made in recorded audio was practical and useful, although the interface for 
indicating observations could be improved. All the identifications made by the birders who 
participated were judged likely to be correct. The logged participant actions and 
questionnaire responses indicated birders were intrigued and curious about the possibilities 
for this prototype. The time required to analyse recorded audio was between six and twelve 
times the audio duration. This supports existing research showing unaided acoustic analysis 
takes substantial amounts of time – birders require appropriate assistance to reduce the time 
needed for audio analysis. 
This chapter compliments the previous and subsequent chapters in designing and evaluating 
interfaces for identifying birdcalls. Chapter 6 demonstrated the applicability of birders’ 
knowledge, this chapter assesses how observations could be recorded, and Chapter 8 
extended bird walks to provide context for identifying birdcalls in audio recordings. The 
prototype design and evaluation results in this Chapter were published in a peer reviewed 
paper titled Virtual birding: extending an environmental pastime into the virtual world for 
citizen science, presented at the 2013 ACM conference on Human Factors in Computer 
Systems (CHI) in Paris, France (Cottman-Fields, Brereton, & Roe, 2013). 
 Overview 
Many birders catalogue their bird observations. These records can be valuable to individual 
birders for documenting their experiences or life list. The observations are also valuable in 
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aggregated form as a source of avian species richness, abundance, and distribution 
information. Aggregated and verified field observations can feed into scientific research and 
government policy. The eBird website aggregates bird observations submitted by the 
community. It demonstrates the usefulness of birders’ observations beyond personal records 
through using the observations for a range of scientific research (Wiggins, 2011). There is 
similar potential for observations to be made from recorded audio gathered in the natural 
environment, covering broad areas over long timeframes. 
Field observations by birders contribute useful information to scientific endeavours. 
However, it is not clear how similar observations can be made from recorded audio. This 
exploratory prototype investigated the potential of an analysis system tailored to birders. It 
translated a well-known observation instrument, the Atlas Record Form, into an online 
application. The prototype replaced the sights and sounds of the outdoors with recorded 
audio and a linked visualisation of the acoustic data. The purpose of this was to document 
and examine birders’ approach, perspective, and activities for recording observations from 
environmental sounds. 
There are significant numbers of people that regularly observe birds and many organisations 
that support the observation and conservation of avian species. This makes birders a 
substantial and enthusiastic group. Translating a checklist form was one of the most obvious 
ways to begin probing how birders could catalogue their observations from recorded audio. 
To address the research question of effective interfaces for analysing recorded audio, this 
exploratory prototype focused on an interface design that reflected a paper checklist and 
analysed the actions taken to identify birdcalls. The prototype was designed and evaluated 
to answer some practical questions: 
1. What avian species do the participants identify, when do they identify each species, 
and are these identifications likely to be correct? 
2. Which interface elements do participants use and when? 
3. What are participants’ experiences of using the prototype?  
4. Are there any features that might enhance the prototype? 
Answering these questions would allow the prototype to be compared to birders’ processes 
for identifying birds in the field. It would also allow discussions around ‘in the field’ and 
acoustic identifications. This could provide information regarding the effectiveness of the 
exploratory prototype’s interface. 
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The data intensive nature of biodiversity monitoring creates a wealth of information and 
data. Participants required a high level of birding expertise and dedication. Therefore, 
recruitment for the evaluation targeted people with substantial birding knowledge and 
experience. The participants were existing groups and individuals with experience and skill 
over varying geographical and temporal ranges. All participants had birding experience in the 
location where the audio recordings used in the prototype were collected.  
Birders have experience and analysis abilities that are currently impossible to replicate using 
automated analysis techniques. While automated analysis of acoustic data is possible, and is 
regularly improving, there are still many hurdles and challenges to resolve before it is reliable 
and effective. Birders will always have a role to play. Typical outdoor birding observation 
information comprises a list of species and a description of the surroundings. There are 
checklists or forms tailored to geographical sites, seasons and species. Acoustic analysis 
necessarily emphasises the aural aspects of birding and de-emphasises visual characteristics 
of birds. These factors were considered in creating this prototype website, which translates 
birders’ identification abilities from the field to an exploratory prototype website. 
 Design and Method 
The goal of this prototype was to provide a computer interface for an activity that was 
familiar to experienced birders. Making use of familiar experiences could provide an anchor 
for participants to understand the purpose of the research and enable existing knowledge to 
be applied to the task. A birdcall identification task using a standard survey form was an ideal 
candidate – a form could easily be translated to a website, and birders understood the 
purpose and importance of conducting species richness surveys. 
There were two novel features in the prototype: the avian species checklist coupled with the 
recorded audio playback that was based on the Atlas checklist, and a summary list of species 
already found. The checklist and audio playback interface was a method for documenting 
observations in recorded audio, and was evaluated through participants’ responses and 
perspectives on the layout and usability of the interface. The list of species the participant 
had already found was included on the basis that highlighting the species already found might 
encourage participants to focus on birds not yet identified, to increase the variety of birdcalls 
identified. 
The focus on experienced participants allowed for directions that would not be possible 
when dealing with an audience with more varied levels of experience. Building a dependence 
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on experts is not a sustainable direction for all projects; however, in this case the dependence 
could be a positive. This is due to the large pool of available birder participants and the 
increasing popularity of birding. People go birding the world over, and are usually open to 
travel to other areas. The increasing participation and functionality changes in eBird also 
reflect the capabilities of many birders (Wiggins, 2011). 
Participants who were birders were recruited through a call-out to birders with South-East 
Queensland experience to a BirdLife Australia mailing list. Participants completed the 
prototype using consistent instructions, using their home and work desktop computers in 
their own time. For the purposes of this investigation, an experienced birder is someone that 
undertakes birding on a regular basis and has a location they know particularly well. The exact 
attributes are described in Chapter 3 Research Design, section 3.4.2 Recruitment Criteria. The 
participant recruitment document is included in Appendix J. 
This section documents the design process of constructing and evaluating the exploratory 
prototype. There were three steps, which were completed over two months, in the 
procedure for this exploratory prototype. First, the author created the prototype website. 
The website was built based on experiences and feedback from birders. Then the website 
was evaluated by birders. The evaluation involved completing a task: identifying birds in the 
recorded audio and checking those species on the checklist. Birders’ experiences were 
recorded using a questionnaire completed after the prototype. The focus was on 
investigating birders’ processes of recording identifications from recorded audio. 
7.2.1 Online Form 
Translating the Atlas Record Form to a prototype web interface included several design 
considerations. The Atlas Record Form is used in a specific context of identifying and noting 
all birds within a pre-arranged area.  Although the form is machine readable, it has also been 
designed to capture both the full amount of information experienced birders can provide, as 
well as all the information required for the survey. The participants have a certain level of 
competence, and are trusted to follow the standard procedure. This competence is often 
restricted to geographic locations and other contexts. All these aspects of the Atlas Record 
Form could be drawn on, in designing an effective interface for identifying bird calls in record 
audio. 
The Atlas Record Form in Figure 7.1 shows part of a machine-readable form used to collect 
outdoor birding observations in Australia. The list of birds on the form is distilled from 
previous observations, expert knowledge, and scientific study. It is grouped by the scientific 
   173 
family, using the common names for the type of birds (for example, the Anatidae family 
includes swans, geese, and ducks). The form is most often used to record birds within an area 
of a standard size, covering known vegetation types. The form provides two indicators for 
each species to be marked with pencil if they are true for that survey. A ‘P’ indicates a species 
is present and a ‘B’ indicates current evidence of breeding. The time spent can vary from 20 
minutes up to many hours. 
 
 
Figure 7.1 – A section of the Atlas Record Form. A larger portion of the form is included in section 2.2.5, figures 
2.6 and 2.7. 
The Atlas Record Form was a solid foundation for a prototype website, however the 
translation needed to draw from HCI design principles as well. The change in medium and 
context required the ‘in the field’ observation record methods and analysis of recorded audio 
using spectrograms and a website form, to be carefully combined. 
Designing applications that may be inherently complex can lead to the project being 
approached in terms of the data, storage, and technical requirements. This pulls the focus 
from the user and the interaction the user must perform to use the application (Luong et al., 
2011). The danger of emphasising the technical aspects of a design is that the result might 
function satisfactorily behind the scenes, but the interface the user needs to deal with will 
not be usable, may hide features, or will reflect the implementation rather than the intended 
usage. This system aimed to emphasise the participant’s interaction over the collection of 
extensive information for machine computation. 
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Design also needs to be considered in light of existing practices and social systems, through 
which bird enthusiasts and experts monitor and share their findings. Design in this case is 
about both what will work for a user to get the tasks done and to attract repeat use. Design 
is a means of exploring how to enable learning, the collection of knowledge, and finding 
meaningful direction during the design (Margot Brereton & Buur, 2008). The time required 
to listen to acoustic data is of particular concern; the interface should be designed such that 
the amount of time required is as low as possible. 
A website was established to host the prototype web page. This page contained an audio 
player with a spectrogram image and buttons for controlling the audio playback. The design 
involved translating the Atlas Record Form into an online form, keeping the list of species as 
similar as possible. This arrangement of bird names and groupings was used as the basis for 
the checklist in the prototype website. The online form included a single indicator for species 
presence using a checkbox. Additional functionality was included in the online form that had 
no analogue in the paper form: filter by first letter of species name and a search box.  
Figure 7.2 shows the audio playback controls, checklist and filtering options. Each participant 
was presented with the same five minutes of audio, divided into 20 seconds (15 segments in 
total). The five minutes of recorded audio was a subset of 20 days of audio data that the 
research group had collected at the Samford Ecological Research Facility in Queensland, 
Australia. The subset starts from 5:24:00am to 5:28:59am. The audio was gathered over five 
days, across four different locations in October 2010 using commercial audio recorders.  
This segment duration was chosen due to feedback from previous implementations and the 
need to divide the overall process into manageable tasks (Truskinger et al., 2011). The 
participants could spend as long as they chose on recording observations in each segment. 
The instructions for participants were to “Select all the birds you can hear in this recording 
from the checklist”. There was a button to load the next recording segment next to the audio 
playback controls. Beneath the instructions was the A to Z name filter, along with a textbox 
that allowed filtering by partial species name. The beginning of the Atlas Record Form species 
list can be seen in the lower half of the screenshot. Participants could select bird names from 
the list and control with the audio playback. The spectrogram image was a static image 
included to assist identifications; the image was a key part of the exploratory prototype. 
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Figure 7.2 - Prototype website used for this investigation including Atlas Record Form checklist, audio recording, 
and spectrogram image  
7.2.2 Evaluation 
The evaluation of the participants’ activities on the website aimed to answer the practical 
questions posed at the start of this chapter, which were built on research question 3.  The 
distinct actions of each user were logged for later analysis. This allowed for data regarding 
the species identified and when each identification took place. It also enabled the question 
of interface element usage to be investigated. The participants’ experiences and potential 
enhancements were gauged through a questionnaire after the prototype activity. 
Identification accuracy was judged through comparisons to conservation and government 
species lists. The lists of species were gathered from the Atlas of Living Australia and Birdata 
(Birdlife Australia, 2012a) and the Queensland Government Department of Science, 
Information Technology, and Innovation’s Wildlife Online: Species List of a Specified Point 
(Wildlife Online, 2015). 
The number of birders likely to participate as a result of messages to the Australian birding 
mailing list was low. However, according to Tullis & Stetson (2004), even at the small sample 
sizes used in many usability tests, the results of standard questionnaires can still be 
indicative. Combined with the logged activity data, the information available would allow for 
reasonably solid conclusions to be drawn. 
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Participants received brief and consistent instructions for how to complete the activity. The 
Chrome browser was required due to the need to support draft standard (as at 2012) HTML 
audio functionality. Participants logged in to the prototype web page and indicated the 
birdcalls in each segment of recorded audio by checking the name of the bird in the checklist. 
Each bird could only be checked once, over the five minutes. Once the activity was 
completed, participants had the option to complete a questionnaire regarding their 
experience with the prototype interface. The questionnaire prompted participants to 
respond to statements regarding the audio recordings, checklist, and identification of 
birdcalls.  
The playback of audio is an essential part of any digital acoustics interface. Experience and 
knowledge of common audio playback mechanisms is relied upon. Recordings of the 
environment might not be played in the same way as music. Most music is played from the 
start to the end, whereas the audio in this investigation may require more fine-grained 
control due to the complexity of the content. When analysing the audio, participants may 
often want to listen to items of interest more than once. Participants also may want to listen 
to only a part of the audio recording. To enable this, it was possible to play from any point in 
the recording by clicking a location on the audio playback seek bar. 
There were both familiar and entirely new aspects in this exploratory prototype. The 
evaluation approach aimed to capture the process of identifying birdcalls in recorded audio, 
and assess the interface elements that might assist birders. 
7.2.3 Online Questionnaire 
The questionnaire for this prototype website is included in Appendix K. There were two types 
of questions: open-ended text responses, and questions with responses on a 5-point Likert-
like scale. The questions covered the participants’ initial response to the prototype and 
understanding of the checklist form. It asked participants their perspective on who would be 
suited to use the prototype to identify birdcalls and the information they thought necessary 
to placing the recorded audio in context. Participants were also asked about the duration 
they would prefer, and whether the audio playback and interaction options were sufficient. 
The final questions prompted participants to think about how much time they might use the 
tool for each day, and any suggestions for improvements. These questions were asked in 
addition to the analysis of activity logs to gather participants’ experiences and understanding 
of the prototype website. 
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 Results 
This exploratory prototype website addressed the research question of how computer 
interfaces can support birders to effectively identify birdcalls in recorded audio. It focused 
on the activity of detecting, identifying, and documenting a birdcall observation in recorded 
audio. Eleven people expressed an interest in participating in response to the call-out to the 
birding mailing list. Instructions for completing the activity were sent by email. Six people 
completed both the activity and questionnaire, over a period of eight days from the request 
for participation. Participants completed the publicly hosted prototype website and 
questionnaire in their own time, using their own computer. The results from the exploratory 
prototype website and responses to the associated questionnaire are presented in this 
section. The subsequent discussion section analyses the results and draws conclusions. 
7.3.1 Website Prototype 
The exploratory prototype website described in the design and method section was 
completed by six birders. The birders are identified as P2 – P10: some participants were 
recruited and did not continue. The prototype logged the actions participants took as they 
completed the activity. Interaction with the website along with active and idle times were 
included in the dataset sent to the server when participants completed the activity. The exact 
information available included: 
 Interaction with the audio: clicking to play, pause, and seek 
 Interaction with the checklist, including selecting or deselecting a species, and 
filtering the list 
 When each segment of audio was loaded 
 In which of the 15 segments of audio an action occurred 
 When users were active or idle 
 When audio was playing or paused 
The activity logging was included in the design and creation of the prototype website. The 
log data was used to answer the practical questions and evaluate the overall usage of the 
prototype. The overall number of unique species identified and time spent by each 
participant is listed in Table 7.1; participants who began, but did not finish, are included (P1, 
P4, P7, and P8). The six participants identified between 10 and 20 unique species each, with 
32 unique species in total. Participants took a varying amount of time to complete the activity 
– while two participants completed it in around half an hour (P2, P6), three participants took 
an hour or two (P3, P9, P10), and one participant took almost two days (P5). The activity logs 
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showed that participants P5 and P10 were idle for substantial portions of their total time. 
The average time taken to complete the activity was just over one hour, with each of the 15 
segments taking an average of three minutes to analyse, with participants spending between 
a few seconds (minimum: 26 seconds) and up to half-an-hour (maximum: 34 minutes) on 
individual segments. 
Table 7.1 – Participant time taken and unique species identified count 
Participant 
(count: 6) 
Unique Species Identified Active Time 
(hh:mm:ss) 
Total Time 
(hh:mm:ss) 
P1 - - - 
P2 20 00:31:57 00:31:57 
P3 12 02:18:42 02:18:42 
P4 - - - 
P5 13 01:00:29 47:42:15 
P6 13 00:28:17 00:28:17 
P7 - - - 
P8 - - - 
P9 15 01:11:29 01:11:29 
P10 10 00:38:59 01:07:42 
Average 13 01:01:39 08:53:24 
 
To answer the first question of what avian species participants identified and when, 
interactions with the checklist were extracted from the activity logs. These interactions 
included both selecting and deselecting species on the checklist. Analysing this information 
showed that there were some occasions of participants changing their minds about 
identifications, in some cases multiple times. 
 P2 selected and then deselected Grey Fantail in segment 05:24:20 during a minute. 
 P5 selected, deselected, then re-selected Rufous Whistler in segment 05:24:00 over 
3 minutes. 
 Over 7 minutes P5 selected Variegated Fairy-wren in segment 05:24:00, and then 
deselected then re-selected Variegated Fairy-wren in segment 05:24:20. 
 P6 selected, then deselected, and then re-selected Leaden Flycatcher in segment 
05:24:00 over 3 minutes. 
 P9 selected then deselected Golden Whistler in segment 05:24:00 over 4 minutes. 
The list of avian species identified in the five-minute recording was compared to the Atlas of 
Living Australia’s bird observation repository and the Queensland Government’s Wildlife 
Online database, as described in the design and methods section. All 32 of the birds identified 
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were likely to be present in the Samford Valley area of Brisbane, Australia, when compared 
with birder and government data. The bird identified, the first segment in which they were 
identified, and the number of participants who identified each bird, is displayed in Table 7.2. 
Table 7.2 – Avian species identified in the checklist prototype 
Avian Species 
(count: 32) 
Earliest 
Segment  
(hh:mm:ss) 
Number of 
Participants 
Australian Magpie (Cracticus tibicen) 05:26:40 1 
Brown Gerygone (Gerygone mouki) 05:25:40 1 
Brown Thornbill (Acanthiza pusilla) 05:26:00 1 
Brush Cuckoo (Cacomantis variolosus) 05:24:00 3 
Eastern Whipbird (Psophodes olivaceus) 05:24:00 6 
Figbird (Sphecotheres vieilloti) 05:24:20 1 
Golden Whistler (Pachycephala pectoralis) 05:24:00 1 
Grey fantail (Rhipidura albiscapa) 05:24:00 5 
Grey Shrike-thrush (Colluricincla harmonica) 05:24:20 4 
Large-billed Scrubwren (Sericornis magnirostra) 05:24:20 1 
Leaden Flycatcher (Myiagra rubecula) 05:24:00 2 
Lewin’s Honeyeater (Meliphaga lewinii) 05:24:00 6 
Little Shrike-thrush (Colluricincla megarhyncha) 05:26:20 1 
Noisy Miner (Manorina melanocephala) 05:25:00 1 
Pacific Baza (Aviceda subcristata) 05:25:40 1 
Peaceful Dove (Geopelia placida) 05:25:40 6 
Pied Butcherbird (Cracticus nigrogularis) 05:25:40 4 
Pied Currawong (Strepera graculina) 05:24:40 1 
Rainbow Lorikeet (Trichoglossus moluccanus) 05:26:20 2 
Red-browed Finch (Neochmia temporalis) 05:26:00 1 
Rufous Fantail (Rhipidura rufifrons) 05:25:40 1 
Rufous Whistler (Pachycephala rufiventris) 05:24:00 5 
Scarlet Honeyeater (Myzomela sanguinolenta) 05:24:00 5 
Shining Bronze-Cuckoo (Chrysococcyx lucidus) 05:26:20 2 
Silvereye (Zosterops lateralis) 05:24:00 5 
Spectacled Monarch (Symposiachrus trivirgatus) 05:24:00 1 
Striated Pardalote (Pardalotus striatus) 05:25:00 1 
Torresian Crow (Corvus orru) 05:24:40 2 
Variegated Fairy-wren (Malurus lamberti) 05:24:20  2 
White-browed Scrubwren (Sericornis frontalis) 05:24:00 6 
White-throated Honeyeater (Melithreptus albogularis) 05:25:40 2 
Yellow-faced Honeyeater (Lichenostomus chrysops) 05:26:20 1 
 
Most birdcalls identified were early in the five minutes of audio. Ten species were identified 
by a majority of the participants. The species identified by a single participant tended to be 
in later segments of audio. Figure 7.3 shows how many species were identified overall in each 
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segment of audio. There were thirty identifications in the first segment compared to a 
maximum of ten identifications in subsequent 14 segments. 
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Figure 7.3 – The number of species identified in each of the 15 segments 
The identifications were not more distributed because the five minutes of audio was 
sequential, and therefore contained similar calls. Further information was available from the 
passive tracking of participant’s actions. Processing the data provided the amount of time 
taken to complete the prototype, when checkboxes were clicked, and which features of the 
form were used. These results enabled in-depth exploration of how the prototype website 
was used.  
The activities of the six participants for the first hour of using the prototype website are 
depicted in Figure 7.4. This chart shows participants’ actions over time, including interactions 
with the checklist (labelled ‘Checklist’, points are blue triangles), moving to the next segment 
of audio (labelled ‘Segment’, points are orange diamonds), and playing, pausing, or seeking 
audio (labelled ‘Audio’, points are grey squares). The chart also includes when participants 
were moving the mouse or using the keyboard (labelled as ‘Active’, displayed using blue bars) 
and when audio was playing (labelled as ‘Playing’, displayed using green bars. 
There were two places where data was missing and values were inferred. Once for P5, where 
the participant completed the activity over three days, while keeping the browser tab open, 
with a break of almost two days in between that caused some data to be lost. The other was 
due to a software bug that caused some events to be lost. For both instances, audio playing 
time was inferred to be 20 seconds, which was the maximum possible without moving the 
playback position indicator while the audio was playing. 
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Figure 7.4 – The first hour (3600 seconds) of each participant’s activity for the checklist prototype website 
 182   
There is a range of relevant information to be gained from Figure 7.4. For example, audio was 
usually not playing when participants selected or deselected species on the checklist. Most 
participants played each segment of audio more than once. P2, P6, P9, and P10 selected 
species on the checklist in most of the segments, and moved on to the next segment more 
quickly as they progressed through the prototype activity. P5 did not select any species in the 
first 10 segments of audio, while P3 remained on the first segment for at least the first hour.  
P6 and P2 completed the activity in one go, giving it their full attention the entire time. P10 
took a 15-minute break during the activity. P3 was active intermittently, and along with P9 
spent considerably longer on the activity. Other observations from the activity logs include 
that participants made very little use of the checklists’ A to Z index and search filter. All 
participants clicked on the spectrogram to seek and play a specific part of the segment. 
7.3.2 Online Questionnaire 
All participants were prompted to complete an optional questionnaire after the prototype 
website activity. All the participants who completed the prototype website also completed 
the questionnaire. Logs from the prototype website provided information about participants’ 
actions, while the questionnaire prompted participants to express their experience and 
interpretation of the prototype. 
Three participants indicated that the sounds were as they expected for a typical South East 
Queensland dawn chorus. Although the Atlas Record Form was commonly used for bird 
surveys, two participants indicated that the form was known for being somewhat difficult to 
use. The Eremaea eBird list or an alphabetical list without the groups were suggested as 
alternatives to the Atlas Record Form. There was confusion around whether each recording 
needed all species to be checked again or only new species were to be added in each 
segment. 
The participants were mostly comfortable with the arrangement of the bird names on the 
checklist and did not have trouble keeping track of the birds they had heard and the birds 
they were yet to hear. It was not as easy as participants expected to indicate that they had 
heard a birdcall, and the filtering and search functionality received mixed responses. 
However, most participants were interested in using a similar system again to listen to and 
analyse environmental audio recordings. 
Participants were neutral about knowing the time of day and the exact location where the 
audio was recorded. There was overall agreement that the spectrograms were useful, and all 
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participants reported being able to understand the spectrograms. All participants were 
comfortable with the 20-second length of the audio recordings: it was not too short, and did 
not take too much time when listening. Controlling the audio playback was easy for most 
participants, and moving to the next audio recording was straightforward. Participants had 
mixed comfort levels with the amount of control they had over the audio recordings, that 
ranged from strongly agree to strongly disagree on being familiar with the audio recording 
controls from previous experience. 
The responses to the question of the amount of time participants would be willing to spend 
identifying birds using this tool, ranged from “15 minutes” to “as long as it takes”, as well as 
“several hours”, “2-3 hours”, and “unlimited”. These responses indicated that participants 
had a mixed experience. The prototype website did show that the birders were interested in 
making use of recorded audio to augment their birding, if they could manipulate the audio 
to focus on particular sounds. 
 Discussion 
This prototype website aimed to translate a familiar bird observation record form into an 
online activity. The activity involved birders documenting their birdcall observations from 
audio recorded in the natural environment. This investigation responded to the research 
question that looked at computer interfaces that support birders to effectively identify 
birdcalls from long duration, terrestrial acoustic monitoring data (SQ3). The key outcomes of 
this chapter were prototype design insights, participant feedback, and findings from analysis 
of participant actions. 
This prototype explored common elements of birding, translated and embellished in digital 
form. A ubiquitous feature of birding is the use of lists of observations and known birds, 
which birders keep as a record of their experience and achievement. Personal checklists are 
a common means for birders to record observations. Observations in the field, by way of 
sighting birds or hearing their calls, are noted in paper notebooks and on mobile phone 
applications. Ecological data analysis can make use of these lists of field observations. 
Participants keep an online record of birdcalls and populations they have identified. 
The assessment of the interface using activity tracking and a questionnaire provided 
information to gauge the effectiveness of the exploratory prototype website. The six 
participants identified 32 unique species over five minutes of recorded audio for a total of 83 
identifications. One-third of the identifications occurred in the first 20-second segment of 
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recorded audio. The questionnaire responses indicated that participants found the task 
straightforward and understood the overall purpose. The participants deemed the exact time 
of day, photos of the area, and ordering of the checklist less important to understanding the 
audio. The spectrogram image and seeing the species found so far were helpful. The task 
appealed to some participants as an addition to their regular outdoor birding pastime. A 
direct translation of the checklist could be improved based on the participants’ feedback to 
make it easier to check off an observation, provide tools to aid in verifying an observation, 
and make use of pre-processing to select recordings more likely to include a broad range of 
birdcalls. These results answered the four practical questions this prototype aimed to 
answer: species identified by the participants, which interface elements were used, 
participants’ experiences of using the prototype, and features that might enhance the 
website. 
The design of this exploratory prototype website was based on the Atlas Record Form, with 
enhancements enabled by an interactive form and knowledge of birders’ outdoor pastime. 
The use of a known checklist aided participants’ understanding, due to prior experience of 
the layout and intent of the Atlas Record Form. There are other checklist layouts that would 
also be familiar to birders, such as the Eremea eBird checklist suggested by a participant. The 
prototype was tailored to experienced birders as a large, accessible, and available target 
audience, to test the interface and functionality of the prototype, rather than the skills of the 
birders.  
Previous publications by the Ecoacoustics Research Group have indicated that similar tasks 
performed by experienced birders have taken at least two to three times the duration of the 
audio recording to analyse. For example, a five-minute audio recording with many 
vocalisations, some overlapping, typically took around 15 minutes to analyse (Wimmer et al., 
2012). Audio recordings require more time to analyse, compared to images or text. The 
duration of an audio recording is the minimum amount of time necessary for a person to 
analyse it; in practice, an audio recording may need to be played more than once, or parts of 
it may need to be played more than once. This increases the importance of the choice of 
audio recordings and highlights the need to carefully consider how the amount of audio is 
reduced. For example, reducing the amount of audio through sampling should prioritise 
audio recordings based on the return in the time invested. This includes how quickly a 
participant can analyse complex audio recordings, and the new and unique species likely to 
be found. 
   185 
The results showed that while human analysis of recorded audio from terrestrial habitats can 
take a substantial amount of time and require verification, birders’ existing knowledge can 
be applied to the activity and the identifications are valuable. The analysis results in the form 
of labels give an estimate of species richness in a location from a relatively small amount of 
acoustic data. It is encouraging that all the birds found by participants were likely to be 
present and that some of the additional birds found were common between participants. 
This highlights one of the major benefits to acoustic data analysis over traditional observation 
methods in the field: annotations can be re-visited and independently verified at any time. 
Participants had differing ideas for the amount of experience required to be able to efficiently 
use the checklist page, as well as not agreeing on the usefulness of the contextual 
information such as location, date, time of day, and image of the area surrounding the 
location. There was also very little use of the options for filtering the checklist. These factors 
seem to indicate that while participants were familiar with the checklist layout and contents, 
there are openings for other interface designs to present the list of possible tags. The 
prototype system did enable analysis of environmental acoustic data and the creation of 
labels that can be used for ecological research. Targeting an audience of experienced birders 
does seem to be a valid approach, as the participants provided useful data and were able to 
use the prototype. 
There are a few future directions for this tool in terms of the species to be identified, for 
example expanding to include other families and species such as koalas and frogs. The system 
could be adapted to other audiences, such as primary or secondary school students who are 
given the task of finding koalas. Moving the focus from avian species to a smaller set of 
species would allow for further simplification of the interface, and the opportunity to develop 
additional interface elements that could capture other types of information. The 
requirements for specific ecological applications will differ, however sampling strategies can 
be incorporated that reduce the typical amount of data that needs to be analysed. Data can 
be sampled from the entire collection of acoustic data and then provided to a crowd sourcing 
analysis tool (Truskinger et al., 2011). In this way, sampling can point to the subsets of the 
data most likely to contain the calls of interest. Automated analyses directed at specific 
species or events can provide potential sections of audio for analysis by experienced birders.  
This prototype represented one stage in the complete process of the birding pastime, 
documenting observations, aggregating observations from submissions, and final use for 
informing species status and possible conservation activities. An evaluation of the process of 
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documenting observations was necessary to investigate the effectiveness of birdcall 
identifications from recorded audio. Some participants were willing to spend significant 
amounts of time using the tool, as evidenced by their response to the questionnaire. A 
suitable tool, tailored to the identification and verification of a group or even an individual 
species, may be heavily utilised. This engagement with the prototype website may stem from 
the participants’ desire to improve their skills at aural identification, as well as the possibility 
to hear recorded audio from locations that are not accessible or practical for them to visit. 
The questionnaire results indicated that spectrogram images were also considered a 
necessary and useful part of the analysis interface. This prototype website was designed to 
evaluate birders’ processes of recording observations. There are a number of changes that 
could be made to improve this prototype; however, it did demonstrate that a birder’s process 
of recording observations could be effectively applied to recorded audio. 
 Summary 
The checklist prototype did enable analysis of environmental acoustic data and the creation 
of labels that could be used for ecological research. Targeting an audience of experienced 
birders did seem to be a valid approach, as the participants provided useful data and were 
able to use the prototype.  Thirty-two species were identified in the five minutes of audio. 
One quarter (8) of the species were identified by 5 or 6 of the total of 6 participants. This 
prototype interface shows promise in the range of species identified and the dedication 
shown by participants. 
A number of practical observations arose from the prototype evaluation. Audio recordings 
may need to be played more than once, or parts may need to be played more than once. All 
participants took longer than the duration of the audio, indicating that interpretation and 
analysis is time-consuming. There needs to be further research into ways to reduce the time 
investment required. Other considerations raised from the exploratory prototype included 
the purpose and selection of recorded audio available to birders, and the need to verify 
observations, no matter how the observations were achieved. 
This prototype examined the process of recording observations by evaluating the interface 
for identifying birdcalls and the participants’ assessment of the translation of a paper 
checklist into a novel web application. This chapter provided insights into the identification 
process. Its findings follow from the assessment of how birders’ skills could apply to recorded 
audio in the previous chapter, and form a foundation for the next chapter to look at the 
effectiveness of extending bird walks for birdcall identification. 
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Chapter 8: Study 5 – Extending Bird Walks for Effective Acoustic 
Analysis 
This chapter explored how to assist people to analyse the large amount of recorded audio 
captured from acoustic sensors. It explored this using a prototype website that combined a 
virtual bird walk with birding activities. The activities involved simulated travel to three 
locations, where participants indicated whether short segments of audio matched samples 
from a single avian species. This task was designed to provide information to participants 
about bird species, and prompt responses that could cumulatively evaluate the accuracy of 
acoustic annotations. Investigations in previous chapters looked at the process of identifying 
bird vocalisations and recording those observations. The tasks undertaken as part of the 
research in this chapter, evaluated an interface designed to ease the analysis of recorded 
audio, and enable the analysis to be conducted in parallel. 
The results of this investigation were promising. Around two-thirds of the 30 segments of 
audio were consistently labelled the same way by participants. The participants’ bird 
knowledge covered a broad range, from very little to decades of experience, to be closer to 
a typical citizen science project. Participants mostly enjoyed the virtual bird walk, including 
the locations, information about birds, and indication of other participants’ answers. The 
design of this exploratory prototype drew heavily from everyday birding activities – travelling 
to familiar and new places, walking in the bush, the social verification from friends during 
bird walks, and the use of bird guides to learn more about birds’ appearance, behaviour, and 
calls. This chapter successfully responded to the research question (SQ3), by designing and 
evaluating a novel interface that supported people to effectively analyse terrestrial acoustic 
monitoring data. 
 Overview 
This investigation developed an online application that incorporated recorded audio, 
spectrograms, and information about six bird species. The destinations provided the context 
for identifying bird vocalisations. A typical citizen science approach was applied to a novel 
activity and dataset in this investigation: a set of recordings to be identified was judged by 
the participants as to whether they matched examples for a single avian species. The 
examples included unlabelled audio and spectrogram images with the bounds of an 
associated acoustic event. The results of this activity provided an assessment of the individual 
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segments of audio. Participants ranged in birding skill, from no experience to decades of 
dedicated bird observation and learning. A paper presented at the CHI 2013 conference 
(Cottman-Fields et al., 2013) on virtual birding formed the foundation for this investigation. 
The paper described the exploration of the checklist prototype reported in Chapter 7. This 
chapter expands that work into the concept of a virtual bird walk constructed from online, 
map-based, simulated travel to the locations where acoustic sensors were deployed. 
Both birders and non-birders were engaged through detailed information about the places 
visited, descriptions and photographs of each stop along the way, and extensive information 
for each bird species. A substantial amount of the information in this prototype was not 
strictly required to complete the activity; however, it provided interest and context for 
participants, and was both welcome and necessary to complete the activity based on the 
responses to the subsequent questionnaire. Another attempt at engaging participants was 
to display the responses earlier participants gave for each unlabelled annotation. This proved 
popular as an indication that other people were completing the activity, and allowed 
participants to assess their own responses compared to other participants. 
At each location, the participant was presented with photos, description, and distribution 
information for two bird species, as well as recordings and spectrograms of the birds’ 
vocalisations. Their task was to indicate whether any of a list of five unlabelled sound clips 
and spectrograms matched the example sound clips and spectrograms for the bird 
vocalisation. Annotations consisted of bounds defined by low and high frequency in hertz 
and start and end times in seconds. Labels applied to the bounds can indicate the contents: 
the example annotations included labels, the set of annotations requiring responses did not. 
Annotations require some quality measure to be of use – an indication of whether labels 
applied to an annotation correctly describe the sounds within the annotation’s time and 
frequency bounds. It is necessary to provide some assessment of reliability for datasets that 
are used by ecologists as part of decisions about future directions for scientific research and 
environmental policy. The results described in this paper directly address suggestions and 
concerns from birders and ecologists. The prototype combines three existing aspects of 
citizen science and human computation into a new system: materials for learning about 
fauna, an application that supports human computation, and a mechanism for data quality 
checking.  
This approach to assessing reliability includes a recognition task accessible to experienced 
birders, novice birders, and people interested in local wildlife. From the participant’s point 
   189 
of view, they are completing a learning and recognition task. From the researcher’s point of 
view, the participants are completing a training and verification task. The benefit to the 
participant is in learning about various birds that may be difficult to physically view and hear, 
being able to complete a task that gives them an idea of whether they can recognise the bird, 
and contributing to scientific research. The benefits to the researcher are that the 
participants are being trained to identify certain bird vocalisations, which may help with 
future annotation tasks. The participants are simultaneously learning about a bird and 
verifying the labels applied to the annotations. 
Data quality is an important component in citizen science; one method of verifying data is 
through repeated analysis, with level of reliability based on assumptions regarding how 
people respond. This method of verification through repeated analysis by humans has been 
most widely used by the public in the reCAPTCHA system (von Ahn et al., 2008). It poses a 
challenge to a user, and the response can predict if the user is human, as well as verify that 
words and numbers were recognised correctly. 
Some practical questions guided this study in responding to research sub-question 3: 
1. What aspects of a virtual bird walk interface for verifying acoustic annotations appeal 
to participants who are birders and non-birders? 
2. If participants are given the option to respond ‘unsure’ to an annotation, can these 
responses be used to separate difficult or unclear annotations? 
3. Can a virtual bird walk interface assist birders and non-birders to accurately verify 
annotations on short audio segments? 
Several citizen science applications and methods exist to perform training and verification 
processes. The Zooniverse websites provide access to data obtained through scientific 
endeavours, and present independent, well-defined tasks for volunteer participants to 
complete (Clery, 2011). The method described in this research differs from those used by 
Galaxy Zoo, due to the magnitude of different bird calls and that the identifications may be 
part of taxonomy or a folksonomy. There are around ten thousand known bird species 
(Birdlife International, 2012), many more than the tens of known types of galaxies (Fortson 
et al., 2011). In addition, some bird vocalisations exhibit significant regional variation, and 
recordings of the environment can be excessively noisy or contain overlapping, distant, and 
indistinct calls. 
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There are very few other audio-based citizen science projects. WhaleFM (Zooniverse & 
Scientific American, 2011) was a Zooniverse project that presented short audio recordings 
and spectrograms of whale calls. Participants needed to categorise individual calls into 
groups using examples to determine which group to choose. WhaleFM was used to evaluate 
the reliability of call classification (Sayigh et al., 2013). The project was discontinued in 2015. 
Other projects focus on anthropogenic sounds, such as music, sound effects, and melodies. 
Two such projects, TagATune (E. Law et al., 2007) and MajorMiner (Mandel & Ellis, 2008), 
aimed to provide textual labels and categories for a range of sound effects and music. These 
citizen science projects maintained goals similar to efforts such as Pandora: create a 
catalogue of possible types and classes of music through analysis of many thousands of 
recordings. The lack of citizen science projects that rely mainly on audio indicates that there 
is opportunity for this prototype activity. 
The major reason recorded audio is less popular in citizen science projects than text or images 
is that it can be difficult to process and present. A specialised processing system is required, 
as well as knowledge and experience in audio recording and storage methods. Native web 
browser support was only recently implemented with the standardisation of the Web Audio 
API in 2013; before then, support was fragmented or required plugins such as Adobe Flash. 
Listening to audio requires at least the duration of the recording – it inherently takes more 
time for a person to listen to audio than to look at an image or read text. Seeking is also more 
restrictive; there are few landmarks or reference points in recorded audio that has not been 
already analysed. These  
 Design and Method 
The primary goal of the prototype website designed and evaluated in this chapter was to 
gauge whether a virtual bird walk could engage people both with and without birding 
experience, through verification of annotated audio. Participants were tasked to indicate 
whether a target species’ vocalisation was present in unlabelled acoustic annotations. The 
responses were equivalent to applying a new label to the acoustic annotations. This activity 
repeated many times formed the base data to use for calculating a reliability measure for the 
annotations. A reliability measure is useful to ecologists to distinguish between observations 
that are most likely correct and those that are less certain. 
Multiple responses for the same item are one method of verification. Example annotations 
removed some of the need for prior knowledge, although recorded audio from the natural 
environment is often complex and overlapping. It was assumed that extensive birding 
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knowledge would be likely to enable a participant to respond more accurately than 
participants without birding knowledge.  
The participants were presented with information about six separate bird species. They then 
needed to determine if any of five short audio recordings were made by that species. There 
was an optional survey afterwards, to collect information about participants’ birding 
experience and understanding of the prototype. Rather than a binary ‘yes’/’no’ response, the 
prototype allowed for one of three responses: ‘yes’, ‘no’, and ‘unsure’. This was done to 
investigate whether proving the option of ‘unsure’ would give an indication of how difficult 
it was to identify the annotations. Annotations with a high ‘unsure’ response could indicate 
that the annotation may be too indistinct or difficult to recognise, and may require individual 
attention from an expert to decipher. 
There were 42 participants in the prototype activity, and 34 of those participants responded 
to the questionnaire. The recruitment procedure was purposive sampling, as described in 
Chapter 3 Research Design, section 3.4.3: a range of ages and experiences were sought to 
provide their perspectives on the prototype. The questionnaire results showed that the 
participant demographics reflected typical birder demographics (Section 8.3.2). The age 
range was from early 20s through to over 65 years old. Almost all respondents had a tertiary 
degree and enjoyed bush walks, with many also participating in birding and other wildlife-
related activities. The amount of time spent and geographic location of activities varied 
between participants. Some had very little experience; others who self-identified as experts 
had over 20 years in locations around the world. 
Volunteers were recruited via the Australia-wide BirdLife mailing list, through word of mouth 
among local birding groups, via a call for participation within the QUT community, and by 
contacting people who had previously participated in projects run by the Ecoacoustics 
research group. These methods of recruitment used purposive sampling to obtain 
participants with a range of experience, demographics, backgrounds, and interests. For this 
investigation, the selected sample aimed to achieve maximum variation among participants, 
particularly relating to birding experience and knowledge of recorded audio. The participant 
recruitment document is included in Appendix L. 
8.2.1 Bird Walk 
The experiment provided context and set the scene for the participants through the notion 
of a ‘virtual’ bird walk. Each participant undertook an individual tour, by travelling virtually 
between geographic waypoints. The steps are illustrated in Figure 8.1. There were three 
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locations in the prototype: Peregian and Samford in South East Queensland (SEQ), and 
Simpson-Strzelecki Dunefields in the interior near the corners of Queensland, South 
Australia, and New South Wales. The two SEQ locations were likely to be known to the 
participants with birding backgrounds; the Simpson-Strzelecki Dunefields was a remote and 
difficult area to access: very few people would be familiar with the birds at this location, and 
it demonstrated the benefits of a virtual bird walk to remote areas. 
 
Figure 8.1 – Diagram of steps in the Virtual Bird Walk prototype 
Each species was identified with a letter, indicating the location, and a number, indicting the 
species at that location (Table 8.1). There were 2 example recordings for each species, and 5 
unlabelled recordings, for 12 examples and 30 unlabelled recordings. The unlabelled 
recordings were chosen to comprise a range of sounds and difficulty of identification. The 
identification difficulty was assessed subjectively, based on experience of interpreting 
spectrograms and audio. The range of sounds included five categories:  
 matching the examples (match [M] – total 14),  
 a call of one of the other birds in the prototype (other bird [OB] – total 3),  
 a call of a bird not in the prototype (bird not in prototype [NP] – total 7),  
 a biological sound that was not made by a bird, e.g. crickets (other biological [OL] – 
total 2),  
 or a sound that was not biological, e.g. wind, aeroplane (not biological [NL] – total 
4).  
Introduction and 
instructions
Move to first 
waypoint 
(Figure 8.2)
Details and user 
reponse for first 
bird (Figure 8.3)
Details and user 
response for 
second bird
Move to second 
waypoint
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complete 
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Each bird was assigned between one and four matches, with an assortment of sounds from 
the other categories, as documented in Table 8.1. The recordings used in the prototype were 
constant between participants; the only change was the order in which they were displayed. 
Table 8.1 – Locations, birds, annotations, and annotation categories 
Place Bird Annotation Label Code Annotation Type 
Peregian (A) Ground  
Parrot  
(Pezoporus 
wallicus) (1) 
Lewin's Rail A1LR1-NP bird not in 
prototype 
Ground Parrot A1GP1-M match 
White-cheeked Honeyeater A1WH1-OB other bird 
crickets A1CR1-OL other biological 
wind and rain A1WR1-NL not biological 
White-cheeked  
Honeyeater 
(Phylidonyris 
niger) (2) 
White-cheeked Honeyeater A2WH1-M match 
Ground Parrot A2GP1-OB other bird 
White-cheeked Honeyeater A2WH2-M match 
Eastern Whipbird A2EW1-NP bird not in 
prototype 
wind and rain A2WR1-NL not biological 
Simpson-
Strzelecki  
Dunefields 
(B) 
Red-browed  
Pardalote 
(Pardalotus 
rubricatus) (1) 
Budgerigar B1B1-NP bird not in 
prototype 
Rufous Songlark B1RS1-NP bird not in 
prototype 
Red-browed Pardalote B1RP1-M match 
Red-browed Pardalote B1RP2-M match 
wind B1W1-NL not biological 
Singing  
Honeyeater 
(Lichenostomus 
virescens) (2) 
Singing Honeyeater B2SH1-M match 
Zebra Finch B2ZF1-NP bird not in 
prototype 
Singing Honeyeater B2SH2-M match 
Singing Honeyeater B2SH3-M match 
Singing Honeyeater B2SH4-M match 
Samford (C) Grey  
Fantail  
(Rhipidura 
albiscapa) (1) 
Eastern Koel C1EK1-OB other bird 
Grey Fantail C1GF1-M match 
Rufous Whistler C1RW1-NP bird not in 
prototype 
person talking C1PT1-OL other biological 
airplane C1A1-NL not biological 
Eastern  
Koel  
(Eudynamys 
orientalis) (2) 
Eastern Koel C2EK1-M match 
Eastern Koel C2EK2-M match 
Australian Wood Duck C2WD1-NP bird not in 
prototype 
Eastern Koel C2EK3-M match 
Eastern Koel C2EK4-M match 
 
The prototype provided a random, pre-determined path per participant, with two avian 
species at each location. A change between locations was indicated by a separate screen 
showing the ‘simulated movement’ from one waypoint to the next (Figure 8.2). The current 
location was displayed for every bird. This was done because it is not feasible to drop 
someone at a location, and expect them to recognise faunal vocalisations. Many bird species 
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can exhibit significant regional variation, and many species only occupy specific habitat types. 
The participants could also benefit from learning about the locations and birds. A future 
version of the system could provide locations anywhere in the world, and allow the user to 
select where they want to travel. There are many more species available to learn about, 
which could be included in a future version of the virtual bird walk.  
Information about the birds in the prototype included their common name, scientific name, 
physical description, habitat description, a photograph of the bird, a distribution map, 
conservation status, and example recorded vocalisations and spectrogram images (Figure 
8.3). The purpose was to provide new information or a refresher depending on how much 
the participant knew. The information was both context and an aid to identifying birds. The 
information and examples supplied to the participants was not necessary for identifying the 
bird vocalisations; however, the information was intended to engage people with the bird 
and the example recordings of its vocalisations. 
The Ecoacoustics research group had an established website and supporting infrastructure 
for processing audio, which also provided the infrastructure for this prototype website. The 
prototype was developed using the AngularJs Javascript framework, and hosted under the 
Ecoacoustics research group’s domain. 
 
Figure 8.2 – Virtual bird walk first waypoint, map, and location description. 
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Figure 8.3 – Virtual Bird Walk bird information, audio, and unlabelled annotations 
8.2.2 Evaluation 
The core of this investigation was the activity participants completed, and the responses they 
gave. Each participant was given the same instructions for responding to the unlabelled set 
of recordings: 
Are there [bird species] calls in these audio recordings? 
Play the audio, and look at the spectrograms. Then indicate your opinion by responding  
 'Yes' if the audio recording contains any [bird species] calls;  
 'No' if there are no [bird species] calls in the audio recording;  
 'Unsure' if you can't tell either way.  
You need to record an answer for each audio recording. Click "Done" when you are satisfied 
with your answers to see what other people's opinions were. Then click "Next" to move on. 
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Each page contained seven randomly ordered recordings with spectrograms – two example 
recordings, and five unlabelled recordings. The participants could play each recording and 
change their responses as many times as they liked. Progression was permitted only once a 
response was recorded for every unlabelled recording. The participants were then provided 
feedback for each annotation in the form of total previous responses for each annotation, 
and the percentage of ‘yes’, ‘no’, and ‘unsure’ responses for each annotation from previous 
participants (Figure 8.4). This was displayed over the top of the related annotation. 
The participant then moved on to another species, or another waypoint, or finished the tour. 
Some species may have been easier to recognise than others, due to distinct or indistinct call 
structures in audio and/or spectrograms. Some birds have calls in a frequency range that may 
influence how likely it is to overlap with other calls or calling at times of day that are saturated 
with other calls, such as the dawn chorus. The annotations used in the prototype were 
curated to provide a range of easy and more difficult challenges. 
There is a distinction between giving participants the definitive answer for each annotation, 
and providing aggregate information about other participants’ responses. This experiment 
was developed on the basis that no annotations had measures for reliability, so there was no 
definitive answer to give. The examples were selected from a collection of reference 
annotations, which were assembled by expert birders as samples to ensure labels were as 
consistent as possible. 
The skill levels for the participants were not known when they started, and each person could 
be assumed to have differing levels of skill for differing geographical areas. This prototype 
aided the participants with information about the species they were being tasked to identify, 
and narrowed the focus to a single species, in a distinct location. This prototype assessed the 
reliability of the labels, rather than the ability of the participants. There was no absolute true 
 
Figure 8.4 – Feedback to participants providing percentage of ‘yes’, ‘no’, and ‘unsure’ responses. 
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information about which species created a vocalisation. The aggregation of responses 
provided additional indications, on top of the initial label assigned to an annotation, as to 
whether the initial label was reliable. 
There were five key components in this prototype: 
 Examples and other information to aid the participant in deciding their response. 
 A straightforward activity for participants to complete, accessible to a wide range of 
experience and skill levels. 
 Presenting recordings that were judged easy, reasonable, and difficult to identify, to 
assess the usefulness of the ‘unsure’ response. 
 Multiple completions of the same activity to enable the responses to be 
crosschecked. 
 An activity that challenged the pattern-matching capabilities of participants to verify 
annotation labels. 
8.2.3 Online Questionnaire 
This prototype included an optional questionnaire to be completed after the prototype 
activity. The questionnaire prompted feedback from the participants regarding the user 
interface, perceived purpose, participant experience, and improvement suggestions for the 
bird vocalisation training and verification prototype. It contained open-ended questions, 
Likert-like scales, and restricted selection questions. The questions are included in Appendix 
M. They also gathered information about the participants’ age, education, conservation 
work, and birding experience. The questionnaire was included to gather information about 
the participants, which was necessary to properly assess and analyse the results. 
 Results 
The data collected by this prototype included the responses of 42 participants to each 
unlabelled annotation; the actions taken by participants on each page, such as playing the 
audio or changing responses; and the order waypoints and annotations were displayed for 
each participant. The record of actions and order of waypoints and annotations were used 
mainly to check that the prototype was functioning as expected. The order waypoints and 
annotations were displayed was randomised to remove any bias that might be presented due 
to the ordering of the recognition activities. The number of times each possible permutation 
was displayed was kept approximately equal. Around 80% of participants (34) also completed 
the optional questionnaire. 
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8.3.1 Website Prototype 
The main result from this prototype was the user responses to each of the 30 unlabelled 
annotated spectrograms with associated audio recording. Every participant responded to 
each annotation once, for 42 responses of ‘yes’, ‘no’, or ‘unsure’ for each annotation. The 
count of each of the three possible responses is summarised in Figure 8.5 and 8.6. For this 
prototype, all annotations were labelled prior to the activity by experienced birders, so the 
expected and actual results could be compared.  The two charts below show the distribution 
of the responses. The results are split between whether the expected answer was ‘yes’ or 
‘no’. This is to demonstrate how well the expected results matched the actual results. 
 
Figure 8.5 – Actual participant responses for annotated spectrograms that were expected to be 'Yes' 
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Figure 8.6 – Actual participant responses for annotated spectrograms that were expected to be 'No' 
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The unlabelled annotations used in this prototype were straightforward for the participants 
to compare with the example annotations. Every participant gave the expected response for 
three annotations (C1GF1-M: Grey Fantail, C2EK2-M: Eastern Koel, and C2WD1-NP: 
Australian Wood Duck). A further nine annotations received over 90% of responses (9 in 10) 
that matched the expected response. The average response matched the expected response 
83% of the time – four of every five responses. The responses indicated that for 24 of the 30 
annotations (4 in 5; 80%), more than 31 of the respondents (3 in 4; 74%) matched the 
expected response.  
There were three annotated spectrograms, where the expected response was ‘yes’, that 
received fewer than four in five (80%) ‘Yes’ responses (C2EK1-M: Eastern Koel, A2WH2-M: 
White-cheeked Honeyeater, A2WH1-M: White-cheeked Honeyeater). The Eastern Koel 
(C2EK1-M) annotation received three in five (62%) ‘Yes’ responses, two in five (38%) ‘No’ 
responses, with no ‘unsure’ response. For annotated spectrograms where the expected 
response was ‘no’, there were six that received fewer than four in five (80%) ‘No’ responses. 
Participants could also respond ‘unsure’ if they could not “tell either way”. There were very 
few ‘unsure’ responses. The most ‘unsure’ responses given were 10 for A2WH1-M (a White-
cheeked Honeyeater annotation that was a match) – one in every four participants (24%) was 
unsure whether the annotation matched the example annotations or not. For 19 annotations 
(45%), fewer than 10% of the responses (1 in 10) were ‘unsure’. Participants chose ‘yes’ or 
‘no’ rather than ‘unsure’ almost half of the time. 
The amount of time participants spent completing the activity varied between one and a half 
minutes and 20 minutes, with an average of 10 minutes. This included the travel and progress 
information screens between the bird pages. Each bird took between 8 seconds and 6 
minutes for participants to respond and move to the next page, with an average of one-and-
a-half minutes. It appeared that some participants took a break during the activity: there 
were three instances of participants taking much longer to respond to the annotations for a 
bird species. The detailed logs of activity revealed that there was a long stretch of no activity 
for each of these participants. These three extreme results were not included in the 
calculated averages. When the extended period of inactivity was removed, the time taken 
approximately matched the average. 
The audio recordings associated with the annotated spectrograms were not played a uniform 
number of times. Some audio recordings were played over twice the count of participants in 
the exploratory prototype (the max play count was 96 for C1PT1-OL: person talking and 
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A2WH2-M: White-cheeked Honeyeater). Some other recordings were played comparatively 
few times (minimum was 46 times for C2EK4-M: Eastern Koel). Each annotation was played 
an average of 63 times. Six annotations were played about 50 times each. Five annotations 
were played more than 80 times. 
Five of the 42 participants did not play all the audio recordings. Three of those participants 
did not play 20 or more of the recordings. The participants who did play all the audio 
recordings pressed play an average of 44 times, with five participants pressing play over 70 
times. Sixteen participants pressed play between 40 and 50 times. Ten participants pressed 
play fewer than 40 times.  
8.3.2 Online Questionnaire 
Results from the questionnaire provided information about participants’ birding background 
and demographics, as well as their impression of specific components of the prototype and 
their experience of the activity they completed. Thirty-four of the participants that 
completed the prototype activity also responded to the questionnaire. 
Respondent Background 
The questionnaire collected details of respondents’ age, academic qualifications, and wildlife 
and conservation experience. Just under half of the respondents were between 25 – 34 years 
old (15 people). Eight respondents were 35 – 54 years old, with nine respondents over the 
age of 54, and two were 18 – 24 years old. The highest academic qualification for three 
quarters of respondents was a bachelor (14 people) or postgraduate (13 people) degree. Four 
respondents marked TAFE diploma or high school graduation as their highest degree. Two 
respondents had doctoral-level qualifications and one respondent preferred not to say. 
Most respondents (85%) indicated they were a birder or a bush walker. Ten respondents had 
little or no experience with wildlife for recreation or research, and five respondents had 
experience snorkelling or diving. One respondent studied amphibians and reptiles; another 
embarked on safaris, and two other respondents took part in flora and fauna surveys. Time 
spent on biological pursuits was distributed between none for three respondents, less than 
a year for 10 respondents, one to five years for six respondents, five to 20 years for eight 
respondents, and more than 20 years for seven respondents. 
Respondents assessed their expertise and the geographic bounds of their expertise. Just over 
half of respondents indicated they had no experience or considered themselves a novice. 
Nine respondents saw themselves at an intermediate level. Six respondents judged their skill 
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level as expert, either in a restricted geographical area or over a country, ocean, or 
worldwide. Respondents who indicated they had ‘never’ or ‘once or twice’ gone looking for 
wildlife for recreation or research had spent mostly six months to a year, certainly no more 
than five years. They had no experience or considered themselves a novice in Australia or 
USA. Most respondents’ experience took place in Australia (21 people). Five people indicated 
no experience and three of the respondents’ experience was on a boat or underwater. Other 
countries where respondents took part in biological pursuits for recreation or research 
included USA, New Zealand, China, parts of Africa, and some South East Asian and European 
countries. 
Participants’ Perspective of Bird Walk Activity 
The perceived purpose of the prototype and bird walk activity was to identify birdcalls for 
two-thirds of the respondents. Just under half the respondents thought the activity was 
about judging ability, tracking, or engaging the participants. A third of respondents saw the 
purpose as assessing annotations or audio recordings. Other purposes mentioned by a 
handful of respondents included ecological endeavours, learning about birds and birdcalls, 
distinguishing between sounds and spectrogram images, and development of a citizen 
science application. 
Approximately 80% of respondents indicated it was ’very easy’, ‘easy’ or ‘somewhat easy’ to 
decide whether to respond ‘yes’, ‘no’, or ‘unsure’ to the annotated spectrograms. All except 
one respondent indicated that the instructions were sufficient. The single respondent 
wanted clarification on “whether to listen for the bird call in the background noise, or 
whether it should only be counted if it was the prominent sound in the recording”. 
Just over half of the respondents indicated that they learnt something new about birds, their 
calls and habitat, or spectrograms, although four people mentioned they would not 
remember the information. Three respondents learnt nothing new – these respondents were 
highly experienced birders. Five respondents gained an appreciation for the assistance 
spectrograms offered in identifying calls in recording, including the potential complexity and 
need for reference recordings.  
“Yes, I learnt about the pardalote, also that the ground parrot's call is similar to the tawny-
crowned h/eater (which I will now look up and compare at leisure). I realised that visual 
sounds can be misleading, however overall they contribute to finding calls on a recording” 
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Around two-thirds of respondents thought the prototype and activity was easier with some 
birding experience, although it was accessible to people without experience. Eleven 
respondents considered birding experience necessary. 
The interface components received mixed feedback, with some regarded as essential and 
some causing confusion. The instructions were understood and useful to most respondents. 
The buttons and information on the large map page interrupted the flow of the activity for 
some respondents; however, the map “added to the experience” for almost all participants. 
Location descriptions and photographs were deemed interesting but not essential. The 
example annotations were useful to all respondents. Five respondents seemed more 
interested in the species and location information than responding to the annotated 
spectrograms. They commented, “more photographs would be nice!” and “all nicely 
presented, not too much info, but enough”. 
The information respondents found essential to complete the activity was species common 
name, photograph of the bird, instructions, as well as the example audio recordings and 
spectrograms. The species scientific name, description of the bird, geographical distribution, 
and location were potentially useful or interesting. The respondents saw no need for the 
conservation status, time of day, weather, or season information. 
Over half of the respondents indicated they might spend up to two hours a week on a similar 
activity. Twelve respondents had little interest in completing the activity again. Three people 
were keen on the activity, indicating they would devote half-a-day per week up to some time 
on every day. 
Respondents provided an array of suggestions and feedback. A third of respondents 
“enjoyed” the experience, particularly the information provided, the chance to demonstrate 
their skills, and the “nice interface”.  
“The interface was very intuitive; the layout/design of the interface wasn't 
overwhelming/cluttered. Easy to use.” 
“Thanks so much for taking the time to put this together. I really enjoyed myself -the bird 
tour was a lovely experience and all the detail, information, pictures added to that 
experience.” 
Six people wanted clarity around the protocol for including a call that was overlapping or in 
the background. Seven respondents requested additional, larger, or “commonly confused” 
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example spectrograms. A few respondents wanted more gamification aspects, such as 
points, a scoreboard, or overall progress for all participants. Respondents also appreciated 
knowing the overall ‘yes’, ‘no’, and ’unsure’ responses for each annotated spectrogram. 
 Discussion 
This investigation implemented and evaluated a prototype virtual bird walk and annotation 
verification activity using a website. There were citizen science aspects to this investigation: 
there were no restrictions on participant knowledge or experience and the activity aimed to 
engage and provide information to participants. The activity depended on previously 
annotated and labelled recorded audio. A virtual bird walk set the scene and provided 
context for the annotation verification activity. The author’s 2013 CHI paper (Cottman-Fields 
et al., 2013) describing the prototype checklist was the foundation for the research question 
answered by this investigation. 
This prototype explored the analysis of data by volunteers. Bonney, et al (2009) detailed a 
nine-step model for developing a citizen science project. This investigation fits within the 
third step of “develop, test, and refine protocols, data forms, and educational support 
materials.” This prototype evaluated data analysis rather than data collection, however data 
quality issues were apparent and need to be resolved, to provide useful information to 
ecologists. This was one reason why non-birders were included in this study. The other 
reasons were that this prototype was developed to be an interface for a potential citizen 
science project open to non-birders, there were educational aspects to the interface, and 
participants needed to include people without extensive prior birding knowledge to evaluate 
the usefulness of the information presented for people with limited birding experience. 
The results were encouraging for the third practical question of whether a virtual bird walk 
interface can aid birders and non-birders in accurately verifying acoustic annotations. 
Although there was a variety of experience among the people who completed the activity, 
the results painted a promising picture for this method of verifying annotations. For two-
thirds (21 of 30) of the unlabelled annotated spectrograms and audio, 80% of the responses 
matched the expected response. For three of the annotations, 100% of responses matched 
with the expected response. There were nine annotations of 30 that received under 80% 
expected responses: three where the expected response was ‘yes’, and six where the 
expected response was ‘no’. This indicated that around two-thirds of the annotations were 
interpreted the same way by a large majority of experts and non-experts. 
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Additional useful information about the annotations can be obtained from the results. The 
second practical question asked if the option to respond ‘unsure’ gave information about 
difficult or unclear annotations. The option to respond in one of three ways: ‘yes’, ‘no’, or 
‘unsure’, did provide hints towards those annotations that were particularly difficult to 
assess. Four annotations received 20% or more ‘unsure’ responses. An additional three 
annotations received 20% or more responses that did not match the initial label. The 
annotations with higher levels of responses that were not expected could be singled out for 
more attention or assessment by expert birders. 
The necessary level of reliability for annotations depends on how they will be utilised. The 
threshold of reliability used by ecological projects would depend on the project’s 
requirements. All projects need a minimum level of observation reliability; however, there 
may be differences between the thresholds used by a project studying rare or endangered 
species and a project documenting general species abundance or richness. Whatever the 
justifications for including, excluding, or modifying observations in ecological projects, there 
needs to be some method for applying the criteria (Bonter & Cooper, 2012). Other data 
quality evaluation frameworks could be applied in addition to the task repetition method 
(Wiggins et al., 2011). 
The questionnaire responses showed that with a few changes, this prototype could be 
deployed as an on-going citizen science project. Addressing the first practical question, the 
respondents were mostly happy with the virtual bird walk and annotations. Reducing the 
amount of information about the locations, and adding additional example annotated 
spectrograms would improve the experience. It may also be beneficial to provide 
spectrograms with a variety of parameter settings to provide more frequency or time 
information as the sound to be analysed requires. There is great potential to expand on the 
training aspect of this prototype to emphasise the information about birds and other animals. 
There are other possibilities for measuring participant responses and gauging the reliability 
of the labels. Soares (2013) used entropy as a way of measuring user confusion. This 
approach may work for annotated spectrograms as well. The main benefit of entropy as a 
measure is the ability to produce a single value for ranking annotations by difficulty or 
confusion. Another possibility is to pair one or more items with high reliability with one or 
more items with low reliability, as done by reCAPTCHA (von Ahn, Blum, & Langford, 2004). 
Responses can be judged on the assumption that if a user correctly responds to the high 
reliability or ‘known’ or reference item, they also correctly responded to the ‘unknown’ item 
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with low reliability. This method can include promotion of items to be references, as they are 
verified through additional user responses. Reference items can be used in other ways, 
including as examples for people to learn to recognise specific bird calls. 
This investigation could be extended in several directions. A very similar system could be 
created to make use of a database of audio recording annotations rather than a curated 
selection. This would provide additional locations dynamically selected based on current 
research and the information needed for ecological projects. Another avenue for additional 
investigation is methods for evaluating the difficulty of detecting and identifying sounds in 
recorded audio. This could be implemented by prompting participants, to include a measure 
of how confident they are in their response. A third path would be to systematically present 
a range of bird and other vocal terrestrial species to participants together with the results 
from automated analysis of the recorded audio. This would evaluate the results of automated 
recognisers while training participants to identify an increased set of species. 
The bird vocalisation and training prototype aimed to engage both birders and non-birders 
to verify annotated recorded audio via a virtual bird walk. The results indicated that the 
prototype website was cautiously successful. All participants either enjoyed the activity, 
considered the purpose relevant, or learnt something new. Some aspects of the interface, 
such as the flow of the virtual bird walk and information included about the locations and 
species, required modifications based on participant feedback. Participant responses 
delivered results that show potential for building a reliability measure for annotations. 
Participants requested additional example annotations, as well as annotations for similar 
calls to illustrate the differences. This prototype shows potential for use by birders, 
ecologists, and people who are simply interested in birds. It suggests a few promising 
avenues for further research and development. 
 Summary 
This investigation integrated several aspects of birding and avian information into a virtual 
bird walk. This was the context for checking birdcall identifications, building on the other 
investigations into birding practices, bird observations, and observation records. This 
exploratory prototype assessed interface designs for birders and non-birders to identify 
birdcalls in recorded audio. The repeated identifications are one method for providing some 
reassurance that the recorded audio contains the specified calls. This also responds to the 
third research sub-question: designing effective interfaces for birders to identify birdcalls.  
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The results from this prototype were positive, with indications from participants for ways to 
improve the interface. For two-thirds (21 of 30) of the unlabelled annotated spectrograms 
and audio, 80% of the responses matched the expected response. This indicated that a large 
majority of the 42 participants came to the same conclusions. These results paint a promising 
picture for this method of verifying annotations. Participants noted only a small amount of 
information as essential to identifications: the species common name, photograph of the 
bird, instructions, as well as the example audio recordings and spectrograms. This prototype 
could be used for training people to recognise new calls, in addition to evaluating existing 
annotations. The inclusion of non-birders in this study reinforces the potential for this 
interface to be developed further as a key element of a potential citizen science project. 
The practice of learning to recognise birds through recognition of calls, behaviour, and 
distinctive visual features is popular with birders. Many birders travel to different areas to go 
birding and wish to learn more about the relevant birds. Traditionally, they use commercially 
available recordings and other materials specific to regional locations. The desire to learn 
about birds and other animals is applicable beyond birders. For example, the ideas from this 
investigation could be applied to general environmental education or similar activities 
involving sounds of species other than birds.  
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Chapter 9: Conclusion 
Avian vocalisations are a key set of sounds in natural terrestrial environments. Acoustic 
sensing has emerged as a viable complementary method for biodiversity monitoring, as 
sensors can cover larger geographic and temporal ranges than traditional field surveys. The 
resulting acoustic data can be analysed by birders, who have the expertise to identify birds 
by their calls. Birders can also verify annotations on acoustic data. There is a distinct need for 
collaboration between birders and researchers to achieve the best outcomes from acoustic 
monitoring data. 
The results of this research confirmed birders’ skills and knowledge were transferable to the 
analysis of acoustic data. Although the Australian birders that participated in this research 
had diverse backgrounds, all participants wanted to do more birding and had a desire to assist 
avian conservation. Birdcall identifications in recorded audio were consistent with the avian 
species expected in the area and at the time the acoustic sensors were deployed. The 
exploratory website prototypes highlighted example birdcalls, connections with recognisable 
birding practices, and interfaces tailored to specific activities that include spectrograms, as 
the key components for successful acoustic analysis by birders. 
This chapter summarises the research process and outcomes. It relates the findings to the 
research question and sub-questions, and details the significance and contributions of this 
thesis. The benefits and challenges, for birders and researchers, of extending birding to 
analyse recorded audio, are discussed with relation to the identified gaps in academic 
knowledge. This chapter discusses the limitations of this work that can lead to future 
research directions, as well as critical reflection on the frameworks and research design. A 
final summary concludes the thesis. 
 Findings 
This thesis explored computer interface designs to enable experienced birders to effectively 
analyse long-duration, terrestrial acoustic monitoring data. Five studies investigated 
incorporating recorded audio from environmental sensors into the routines and practices of 
birders. These included exploring birders’ backgrounds and current use of recorded audio 
through interviews, and a trial of incorporating acoustic monitoring into routine birding. 
Birders also evaluated two exploratory prototype websites and participated in a birdcall 
identification challenge. These studies included spectrogram images to provide a visual aid 
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for identifying birdcalls. Figure 9.1 shows images from three investigations, highlighting the 
varied research undertakings that built a solid and substantial answer to the research 
question. 
 
Figure 9.1 – Images from three investigations, from left: highlighting a Lewin’s Honeyeater in Study 3, a virtual 
path in Study 5, and a sensor deployed on a stool during Study 2 
 The studies answered the research question of what extensions to birding enable 
experienced birders to effectively analyse recordings of terrestrial environmental sound. 
There were three sub-questions: 1) What are the backgrounds of Australian birders and how 
do they use recorded audio? 2) How can birders incorporate acoustic sensing into their 
birding activities? 3) What interfaces support birders to effectively identify birdcalls in long 
duration acoustic sensor data? 
The research activities in this thesis approached integrating recorded audio in routine birding 
activities from a variety of perspectives. The research questions emerged from the need for 
ecoacoustics data at large temporal and spatial scales, coupled with the challenges of 
analysing acoustic sensor data. Findings from the investigations indicated that the collection 
and analysis of acoustic data by birders is feasible and beneficial, with technical support to 
deploy sensors and run analysis programs. The major factors in birders’ acceptance of 
acoustic monitoring and analysis are the required time and effort, the aids provided to 
navigate through recorded audio, the suitability of the interface provided for identifying and 
verifying birdcalls, and the benefits birders feel they derive from these activities.  
The range of methods and studies was challenging to manage, and it required careful 
planning to bring the results together into an integrated outcome. The varied approaches of 
exploratory prototypes and questionnaires, interviews, observation, and augmentations of 
birding activities were also a positive, as they made it possible to form a comprehensive and 
nuanced view of the potential for integrating acoustic data analysis into birding practice. 
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The remainder of this section integrates the findings from the five studies into answers to 
the three research sub-questions. These were the five studies: 
 Chapter 4, Study 1: Australian Birders' Backgrounds and Use of Recorded Audio: 
Interview recordings and transcripts from nine birders, using content, thematic, and 
comparative analyses. 
 Chapter 5, Study 2: Augmenting Birding Activities to Integrate Acoustic Sensing: 
Researcher observations and participant feedback from five birders while deploying 
acoustic sensors, using thematic analysis. 
 Chapter 6, Study 3: Identifying Birdcalls in Recorded Audio: Questionnaire 
responses and researcher observations from 22 BirdLife Queensland conference 
attendees, analysed through comparison to authoritative bird distribution lists.  
 Chapter 7, Study 4: Translating a Familiar Birding Checklist for Acoustic Analysis and 
Chapter 8, Study 5: Extending Bird Walks for Effective Acoustic Analysis: 
Exploratory website prototype usage and questionnaire responses for six birders and 
42 participants respectively, analysed using thematic analysis and descriptive 
statistics. 
9.1.1 What are the backgrounds of Australian birders and how do they use recorded 
audio? 
This thesis explored the backgrounds and intrinsic motivations of birders through interviews, 
augmenting everyday birding practices with acoustic monitoring, and field studies founded 
on concepts from serious leisure and recreation specialisation. Common elements of birding 
practise described in Chapter 2, section 2.2.1 were seen in the five studies. The interviews in 
study 1 painted an intricate picture of intrinsic motivations for birding. This included varying 
levels of emphasis on conservation and birding, special focus and energy invested into a local 
patch, and restrictions on the time and effort available to allocate to birding activities. The 
interviews and acoustic sensor deployment in study 3 shared the finding that participants felt 
a connection to the locations where they knew the birdlife. All participants expressed a desire 
to conserve their favourite areas, which intertwined with their birding activities. 
Birders learn to identify birds through recognition of calls, their behaviour, and distinctive 
visual features. This was emphasised by the responses to the online questionnaire in study 
5. Many birders travel to different areas to go birding and wish to learn more about the local 
birds. Traditionally, birders use commercially available recordings and other materials 
specific to regional locations. Study 1 indicated that each birder’s observations reflected their 
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skills gained through unique experiences. Varying levels of emphasis on conservation and 
birding among participants also highlighted their individuality, but shared interest. 
In study 2, participants were keen on the potential for finding birds that visited a location at 
times a person was not usually present. Some participants thought the change in perspective 
caused by the possibility of replaying sounds and access to a visualisation of the recording 
might help them notice sounds they took for granted or could not hear. Some participants 
targeted particular locations, including near personal birding ‘sweet spots’ and away from 
noisier or more common birds. 
A common finding from the studies was the need for clear benefits for birders without 
requiring excessive amounts of time, as birders will not spend limited time and resources on 
activities that do not give sufficient benefits. The time available for birding varied from a few 
hours per week to whole days. Birders’ motivations and goals are closely linked to time 
restrictions arising from the composition of activities in a birder’s life. The time and effort 
available affected the equipment used, choice of local patch, regular birding activities, and 
use of recorded audio. 
9.1.2 How can birders incorporate acoustic sensing into their birding activities? 
Acoustic sensing has the potential to extend birders’ current uses of recorded audio. Findings 
in study 2 bridged current uses of recorded audio to analysis of acoustic sensor data, through 
judgements by birders of how acoustic sensing might affect their local birding activities, and 
how birders might benefit from analysing recorded audio.  
Participants were interested in acoustic sensing for a range of reasons. Some birders 
considered acoustic monitoring an extension of their current uses of audio in birding: 
acoustic sensing provided access to times and locations that were otherwise unavailable. 
Study 3 highlighted that spectrograms can provide visual information birders that find useful, 
in tandem with aural information from audio recordings. Participants in study 5 also noted 
that only a small amount of information is essential in addition to spectrograms and audio 
for birdcall identifications: the species common name, a photograph of the bird, and 
instructions. This agrees with findings from online citizen science projects, discussed in 
section 2.4, in that identification activities need to provide examples and only the 
information necessary to complete the task. 
The chief challenges in study 2 were around managing audio files, the processes of and time 
required for reviewing recorded audio, and how to assess the overall benefit audio could 
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provide to personal or organisation observation records. The time and effort required by 
birders is mainly for locating birdcalls and confirming identifications. Audio recordings may 
need to be played more than once, or parts may need to be played more than once. All 
participants in study 4 took longer than the duration of the audio to satisfy themselves of an 
identification or indicate they did not identify anything. This reflects the more challenging 
nature of acoustic annotation compared to text and audio, discussed in section 2.1.3. 
Studies 3, 4, and 5 showed that almost all participants needed to replay audio to be confident 
in an identification. Augmenting existing birding practices with acoustic sensing in Study 2 
highlighted the requirement for acoustics to integrate with current practices, to avoid too 
much impact on the time and effort participants could dedicate to birding. This indicates that 
interpretation and analysis is time-consuming. Incorporating existing birdcall mnemonics or 
onomatopoeic words to aid in recording identifications is a promising area for future work. 
Determining the feasibility and design implications for interfaces for analysing acoustic data, 
required that birders could identify birds from their calls alone. The method for recording 
observations in study 4 may have an impact on the variety and number recorded by birders. 
The findings from Study 3 supported incorporating an assessment of the confidence of an 
observation. The study replicated an experience similar to birding outdoors, as the recordings 
were played very few times, mirroring the few calls of unseen birds. Study 3 demonstrated 
that birders were highly likely to correctly identify birdcalls, tempered by the potential bias 
due to only including observations returned by confident audience members.  
There are hundreds of possible birds with multiple types of calls per bird at a single location. 
The repeated identifications in study 5 are one way to provide some reassurance that the 
recorded audio genuinely does contain the specified calls. As the literature indicates, 
although the identification accuracy of even expert birders can vary between locations and 
species, a semi-automated system incorporating trained systems and human review, is the 
most robust approach. The overall research goal and selection of recorded audio made 
available to birders need to be consistent with the difficultly of identification and methods 
of verification. Overall, birders were cautiously optimistic about the benefits of acoustic data, 
when provided with technical assistance to successfully deploy acoustic sensing devices and 
analyse recorded audio. 
 212   
9.1.3 What interfaces support birders to effectively identify birdcalls in long duration 
acoustic sensor data? 
The importance of the local patch and location-bound knowledge in birding, combined with 
the design findings from interface evaluations and collaboration with birders, fills a gap in 
current literature. This gap relates to the interface elements and design, methods for 
recording observations, accuracy of identifications, and information that aid birders to 
identify birdcalls in recorded audio.  
The bird walk extension prototype in study 5 found that surrounding the unfamiliar tasks 
with familiar activities and information can be effective in verifying annotations in acoustic 
data. Example birdcalls and the opportunity to learn more about birds provided non-birders 
the chance to improve their knowledge, as well as assist highly experienced birders to refresh 
their memory. Findings from study 4 demonstrated that birders’ existing knowledge could be 
applied to the activity, and the identifications are likely to be highly accurate. An interface 
that draws attention to the birdcalls already found, and those still to be found, might 
encourage more variety in the observations recorded. The information respondents found 
essential to complete the activity in study 5 was species common name, photograph of the 
bird, instructions, as well as the example audio recordings and spectrogram images. 
The three responses in study 5, ‘yes’, ‘no’, ‘unsure’, along with the feedback about other 
participants’ responses, produced several findings of interest. The ternary rather than binary 
choice resulted in highlighting annotations that participants found difficult to classify either 
way. Other citizen science projects, such as Galaxy Zoo, also provide a ‘no answer’ or ‘nothing 
here’ response. An automated method for producing unlabelled annotations could include 
relatively simple pre-processing to reduce the need for ‘nothing here’ responses. An elevated 
level of ‘unsure’ responses is a simple way to mark annotations that need scrutiny by experts.  
The findings from study 5 were positive for this method of verifying annotations. For two-
thirds (21 of 30) of the unlabelled annotated spectrograms and audio, 80% of the responses 
matched the expected response. This indicated that a large majority of the 42 participants 
came to the same conclusions. Ninety percent of the observations recorded by audience 
members from study 3 were assessed as accurate, tempered with the potential biases due 
to self-reporting and confidence to return the handout. This lends support to the finding that 
birders have an accurate and dependable ability to detect and identify birdcalls in recorded 
audio. This ability is also supported by the common use of recorded audio to learn birdcalls, 
for example through applications installed on mobile devices. This evaluation of interfaces 
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that enable birders to identify bird calls in recorded audio might be able to extend to similar 
fauna that generate sounds, such as the monitoring of frogs, insects, or koalas. 
Although there was a variety of experience among the people who participated in study 5, 
the results painted a promising picture for this method of verifying annotations. For two-
thirds (21 of 30) of the unlabelled annotated spectrograms and audio, 80% of the responses 
matched the expected response. The questionnaire responses showed that with the addition 
of a more specific research goal, more example annotations reflecting the variety of birdcalls, 
and larger set of unlabelled annotations, this prototype could be deployed as an on-going 
citizen science project.  Thirty-two species were identified in the five minutes of audio in 
study 4. This prototype interface showed promise in the range of species identified and the 
dedication shown by participants. 
The acoustic monitoring activity in study 2 gathered birders’ impressions and expectations 
around collecting and analysing recorded audio as part of their everyday birding activities. It 
indicated that acoustic sensors might offer additional birding opportunities. However, 
birders found acoustic analysis of entire datasets by themselves overwhelming, pointing to 
the need for birders to support each other and use automated analyses to reduce the amount 
of recorded audio. Study 4 emphasised the need for clarity in the purpose and selection of 
recorded audio available to birders, and the need to verify observations, no matter how the 
observations were achieved. These findings relate to the central challenge of distilling large 
sets of acoustic data down to manageable sizes. Navigation has been investigated previously 
by Truskinger et al (2013). Navigation is difficult to implement in an intuitive way, as work by 
Wimmer and others has shown that even a filtered dataset may push the limits of a tailored 
navigation interface. 
The development of interfaces for acoustic data review underscored the possibilities for 
collaboration between knowledgeable birders and researchers who can provide birdcall 
identification interfaces. Researchers can learn from the approach and passion of birders, 
while birders can gain access to acoustic analysis tools and sounds from locations they may 
not otherwise visit. The interfaces that support birders to identify birdcalls in long-duration 
audio recordings need to be adapted to large amounts of acoustic data, keep track of 
previous responses, present information about other participants’ responses, prompt for 
what to look for, provide a manageable window on the entire data set, situate the recordings 
using details about the species and location, and allow for responses that improve the overall 
knowledge of the content of the audio. 
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 Contributions 
There were three main contributions of this thesis. These were a) extension of the available 
ecological observations through analysis of acoustic monitoring data; b) demonstration of 
the benefits from integrating Australian birders’ practices with conservation and scientific 
activities; and c) design insights for computer interfaces that enable experienced birders to 
contribute their specialised knowledge. These contributions were obtained through four 
methods: interviews, extensive fieldwork with birders, exploratory prototypes, and 
questionnaires. 
This work involved researchers entering an established community, where the researchers 
required the assistance of the members of that community to conduct the research. There 
were three research sub-questions answered by this thesis. The first was to investigate the 
backgrounds of Australian birders and their use of recorded audio. This was explored through 
interviews with birders and augmenting birding activities to include acoustic sensing. The 
interviews were a rich, contextualised discussion of the experiences of nine birders as well 
as their opinions on the benefits and challenges of audio recorded in the natural 
environment. The interviews gave a sense of the passion of people that enjoy birding, their 
backgrounds, and how they pursue their interests. The second research sub-question 
considered how birders might incorporate acoustic monitoring into their local birding 
activities. Augmenting birding activities to include record audio demonstrated that birders 
can indeed be productive participants and can contribute to research that involves analysing 
acoustic sensor data. They need to have an extensive knowledge of birds in the geographical 
area under study, and need to be provided with a clear purpose for participating in the 
research. Researchers need to tailor their work to integrate with established birding 
practices. 
The third research sub-question explored how to enable birders to identify avian species 
from their vocalisations. A birdcall identification challenge introduced recorded audio into 
common birding experiences to gauge birders’ recognition accuracy. The time-constrained 
situation of the identification challenge highlighted the contextual information essential for 
birdcall identification. This data collection method, documented in Chapter 6 as part of Study 
3, was another contribution of this thesis, as it was a novel elicitation approach that has not 
been described in-depth before. It could be applied in other areas, during a conference on 
the relevant topic, to gather observations about how extensions to existing activities and 
interests might be beneficial to the participants and the research goals. 
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Two exploratory prototype websites also addressed the third sub-question. Birders 
evaluated custom interfaces for identifying birdcalls. The results contributed insights into 
how the birders approached the task, and the design aspects that helped and hindered. 
Indicating birdcalls already found and those still likely to be present helped focus birders’ 
limited time. Pre-processing and tasks that include verification of observations by other 
birders and automated systems were also shown to be feasible and potentially engaging 
tasks. 
Birders have the experience and skills to make sense of acoustic data. This thesis used 
exploratory website prototypes and other investigations to examine how their experience 
and skills could translate to analysis of recorded audio. It also looked at collaboration 
between scientists and birders to translate and extend their established practices. The 
research was founded on the current practices and intrinsic motivation of birders. This 
approach also emphasised prototype design and activity augmentations to prioritise 
outcomes beneficial for conservation and ecological research. The mixed methods in this 
thesis offered lessons for research that integrates traditionally separate approaches. It can 
be challenging to combine a number of methods. The combination can also be rewarding, as 
outcomes bring together results built on complementary approaches. The differing 
perspectives can strengthen research outcomes, due to the variety of in-depth information 
and layers of understanding arising from methods that emphasise different aspects of the 
same topic. 
This research began with everyday birding activities, and looked at augmenting existing 
practices. Birders, as a group, have mostly been studied as part of ecotourism and serious 
leisure research, looking at usage of national parks, ecologically focused tours and holidays, 
and to identify the reasons people invest heavily in a voluntary pastime. This thesis drew its 
practical and theoretical foundations from research and community knowledge of birding 
motivations, birding activities, ecotourism, serious leisure, citizen science, and human-
computer interaction. Although this thesis involved citizens participating in scientific 
research, the participants’ substantial knowledge and dedication was a major differentiating 
factor from typical citizen science projects.  
Results from this thesis have implications for acoustic monitoring practices, the ecological 
drivers for acoustic monitoring programs, and methods for analysis of the data collected. The 
main goal of acoustic monitoring is to extend the coverage of observations, which involves a 
chain of people and expertise through sensor devices, ecologically relevant deployment 
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locations, management of data, acoustic analysis, and integrating trends derived from 
observations into current conservation priorities. These findings could improve monitoring 
practices of conservation organisations, local councils, and potentially broader national 
bodies and programs. This research could also aid in designing analysis approaches to enable 
birders to make the most effective and enjoyable use of their birdcall identification skills. 
 Extending Birding to Analyse Recorded Audio 
The knowledge gap filled by this thesis was how to engage people with extensive experience 
and dedication to contribute to scientific research as part of a long-term pastime they enjoy, 
in this case birding. There is little existing literature regarding how researchers can 
collaborate with communities of people with unique and difficult-to-obtain skills. This 
contrasts with the substantial literature for citizen science, which involves recruiting 
participants without requiring pre-existing skills. The application of established Human-
Computer Interaction methods also differentiated this work from the usual quantitative and 
algorithmic approaches for analysing large amounts of data collected by sensors and 
participants. 
The investigations enhanced knowledge of birders’ experiences of recorded audio beyond 
the current uses in field guide applications, such as learning birdcalls or attracting birds 
through call playback. Some birders and other conservation organisations already utilise 
various sensors for monitoring areas or species of interest. This use is generally ad-hoc and 
it can be difficult to extract useful information from sensor data collected this way. By 
providing birders the equipment and support to pursue their personal goals through acoustic 
sensing, this thesis documented and examined the opinions and impressions of birders 
towards recorded audio. It was critical to know how birders approached acoustic sensing 
applications, to engage birders in research that depends on the accurate identification of 
birdcalls. 
Field studies and research in the wild are design approaches that centre the users and their 
usual situations in the development and evaluation of prototypes (Chamberlain et al., 2012). 
The three investigations that took place in the field – interviews, the birdcall identification 
challenge and augmenting birding activities to integrate acoustic sensing – were constructed 
to evaluate and identify ways to enhance birders’ contributions. The two exploratory 
prototype websites required birders to use a desktop computer, away from the outdoors and 
the usual atmosphere for birding. However, the prototypes were constructed through on-
going collaboration to evaluate improvements and challenges directly relevant to birders. 
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The results from all investigations highlighted the experience and skill of each birder within 
their chosen areas of specialisation. Experts were consistently less comfortable operating 
outside their experience; however, they recognised this and were adaptable, with plenty of 
suggestions for improvements.  
Related to this are the similarities and differences between how researchers and enthusiastic 
birders perceive the purpose and use of acoustic sensing. Participants gained understanding 
of recorded audio; however, this did not necessary translate to use of recorded audio as 
researchers might expect or prefer (Cornwell & Campbell, 2012). While these studies resulted 
in some use of recorded audio by birders, continuing the collaboration over a longer time 
may lead birders to explore acoustic sensors further and being able to invest time in 
developing their own reasons for recording sound. 
The intersection between outdoor bird walks and data selection for the studies was an 
important consideration. As Wiggins has outlined, technology-mediated public participation 
in large-scale scientific research projects depends on adoption based on ease of use and 
benefits for the participants. The selection of existing data, defining data to be collected or 
analysed, and the verification of participant contributions is important for producing 
scientific results usable by ecologists. The studies in this thesis explored the collection of 
acoustic data through augmenting birding activities, the analysis of acoustic data using a 
familiar checklist translated to a prototype website and identifying birdcalls in recorded 
audio, as well as the verification of annotated acoustic data by extending bird walks for 
effective acoustic analysis. 
Citizen science is one approach that has been successful in creating and verifying data that 
are more granular. Combining development and implementation of field work protocols with 
online applications that ingest data and engage participants, citizen science has become a 
critical part of the puzzle in extracting scientifically useful results from large amounts of data 
(Dickinson et al., 2010). Led by Zooniverse projects (Borne & Team, 2011), citizen science has 
contributed to projects analysing images from space, land and sea; folding proteins; and 
extracting text. Improvements in browser technologies show potential for acoustic data 
analysis using online applications (Truskinger et al., 2014), as shown by WhaleFm (Sayigh et 
al., 2013). This remains a difficult activity however, as audio recordings are not easily 
summarised, require time to interpret, and the technology for filtering and manipulating 
audio is not as advanced as that for images. The broad array of citizen science projects using 
mainly images highlighted in the literature review, including Galaxy Zoo, Foldit, and the Atlas 
 218   
of Living Australia, illustrate the variety of topics of interest to volunteers. Further work into 
the display and interaction with recorded audio could investigate how the aural aspect of 
recorded audio could become secondary to the visual rendering of sound, in the pursuit of 
retaining volunteer engagement. 
Ecoacoustic data collection, covering substantial geographical and temporal areas, is of 
growing importance to conservation and biodiversity monitoring (Towsey, Parsons, et al., 
2014). Animal sounds and ecosystem processes are key areas of interest and data collection. 
This thesis contributed to ecoacoustics research by evaluating methods for birders to collect 
and analyse data. The investigations also highlighted the most appropriate ways to engage 
birders in research endeavours to provide beneficial outcomes for individuals, organisations, 
and academic interests. The amount of acoustic data collected makes analysis solely by 
people impossible. Automated analysis and big data processing is necessary, but it remains 
unclear where and how automated and human analysis interacts and overlaps. Sueur et al 
(2008) proposed replacing human effort through traditional biodiversity assessment with 
completely automated assessments using acoustic monitoring. This is a plausible approach 
at the level of communities of animals and ecosystems, however obtaining information about 
individual species and animal activity requires information that is more granular. 
This research revealed the information and interface elements that proved most effective in 
assisting birders to analyse recorded audio. For example, interfaces for long duration 
recorded audio must differ from those for music or trophy call recordings that are usually 
under 10 minutes’ duration. For analysis of recorded audio, between 5 and 30 seconds seems 
to be the most appropriate duration. This corresponds with the duration of recorded audio 
used in existing mobile apps to identify birds, such as Morcombe’s Field Guide to Australian 
Birds and the Merlin Bird ID discussed in the literature review. Existing mobile device 
applications could form the basis for the introduction of analysing acoustic sensor data. In 
addition to supporting playback and analysis of audio recordings up to a day in duration, the 
investigations also filled gaps in knowledge around the context needed to identify birds. 
Recorded audio does not provide a substantial set of the contextual information birders often 
rely on, such as the shape, colour, and movement of a bird, the ability to discern the direction 
and distance of a call, nor any details of the flora present in a habitat. The findings of the 
investigations catalogued the information and interface elements that birders needed to be 
more confident in their identifications: example birdcalls, repeated audio playback, and 
spectrogram images. 
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 Limitations and Future Research 
Future research built on this thesis could investigate two main areas. These are further study 
of the integration of recorded audio into birders’ everyday routines over longer periods, and 
development and sustained support of a website that implements the results of the 
exploratory prototypes to engage birders in acoustic data analysis. There is also the 
possibility of exploring citizen science projects based on recorded audio that build on the 
results of this thesis. The key takeaways for future research from this thesis are the in-depth 
knowledge of Australian birders’ practices and results of evaluation of interfaces and birding 
activities. 
A suitable way to drive further research would be to target the suggestions and requests 
from birders, particularly areas in the prototypes with which participants had difficulties. This 
might include comprehensive and tightly integrated libraries of verified example birdcalls or 
ways to easily share and discuss annotations as snippets extracted from long duration 
recordings. As a website repository for short recordings of animal calls, Xeno-canto is an 
excellent example of how discussion could be integrated with short segments of audio. A 
third area of difficulty was locating sections of audio that are more likely to contain audio 
events of interest to researchers and birders. There is energetic research in automated 
computational approaches to pinpoint and extract audio segments more likely to contain 
unusual or representative calls. These could be incorporated into interfaces similar to the 
exploratory prototype websites. 
Future research could also confirm that findings from this thesis are mirrored in other birding 
communities around the world. While researchers such as McFarlane in Canada, those in the 
US, UK, and ecotourism research have shown birding practices are broadly similar between 
people from various backgrounds, more evidence is required for approaches that include 
recorded audio. In a similar manner to the growth of eBird contributing to changes in 
routines, tracking and identifying any changes in routine resulting from incorporating 
recorded audio would be valuable. There are similar communities of people with extensive 
knowledge outside of academia, who observe and document amphibians, koalas, and 
insects. These species also make sounds that could be captured and analysed using acoustic 
sensors. 
One potential limitation of this thesis is the sample size of the studies and interviews. A 
number of factors limited the availability of people who satisfied the criteria including work 
and family commitments, and the tendency for birders to travel regularly. If the number of 
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participants involved in an investigation is small, this could lead to problems in forming 
inferences from the results and ensuring the participants are representative of the 
population under study. As Tullis and Stetson counter, small sample sizes can be indicative 
when the investigation depends on experience over a restricted area. Participants were from 
Australia, with the majority of participants from the greater Brisbane region in Queensland. 
The major reason for this was to enable the researcher to meet with participants in person.  
This thesis did not evaluate the ecological applications of annotations created by 
participants, as the author did not have the skills or knowledge to assess ecological 
applications of avian identifications. Previous research by the Zooniverse citizen science 
projects (Borne & Team, 2011) and research group publications such as those by Tulloch et 
al. (2013) has demonstrated the ecological benefits of data analysis by volunteers.  
The major activities excluded from this research were the large-scale collection and 
management of acoustic data, automated analysis of audio files, building the user base of 
the Ecoacoustics project, and analysis by people of sounds other than birdcalls. These 
restrictions ensured the thesis was manageable and focused. The reduced scope helped to 
produce rich, textured findings that contributed to academic knowledge around designing 
acoustic data analysis for birders and birding communities. 
 Reflections on Research Design 
The research design for this thesis involved a number of data collection and analysis 
approaches. The mixture of methods provided data concerning birders’ backgrounds, 
routines, and potential points of integration for acoustic monitoring data. The intersection of 
disciplines, purposive sampling approach, and software development were critical in carrying 
out this research. 
This thesis is positioned at the intersection of a few disciplines and knowledge areas. This has 
been purposefully done, to gain knowledge in how acoustic monitoring and acoustic data 
analysis could be integrated into the established practices of birders. While this choice did 
result in some challenges in the design and implementation of data collection and analysis 
activities, overall it was beneficial in enabling multiple, highly textured and nuanced, 
qualitative perspectives on incorporating audio recording collection and analysis into birding 
practices. 
The selection of experienced birders as participants, using purposive sampling, was crucial. 
This thesis depended on substantial prior knowledge that could not reasonably be obtained 
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any other way. Purposive sampling was also necessary to select participants who fulfilled the 
criteria and purpose of the investigations. Random sampling was not appropriate, as this 
research did not aim to generalise results. The geographically-bound nature of birder 
expertise and interest was a substantial factor, demonstrated in the discussion of 
‘patchworking’ in the literature review. Instead, the goal was to develop and evaluate a range 
of modifications to everyday birding activities and assess their practicality. There was no 
‘objective truth’ or method for judging answers to be traditionally ‘correct’. Identifications 
rested on the community knowledge of birders. While it was difficult to assess whether 
participant responses were ‘correct’, responses could be judged to be useful or not, as well 
as likely to be correct or not. This was addressed through using ‘authoritative’ bird lists for 
geographical areas, and repeated identifications of the same birdcall by different birders. 
This shaped the way the studies could be conducted and evaluated – for example, without 
objectively correct answers, an ‘unsure’ response, in addition to ‘yes’ and ‘no’ made sense to 
capture the uncertainty inherit in participant responses. It also made sense to compare 
between responses, rather than only comparing to a list of ‘likely correct’ avian species. 
The mixture of methodologies was a conscious choice to ensure that a range of perspectives 
was covered in this qualitative research. The varied approaches of the studies enabled a 
descriptive and nuanced illustration of the inclusion of recorded audio into birding activities 
to be drawn. The evaluation of the exploratory prototype websites pinpointed effective 
interface elements, information, and outcomes of interest to birders. The modified everyday 
birding activities provided opportunities to observe birders’ points of excitement and 
frustration dealing with recorded audio. The interviews analysed birders’ self-described 
backgrounds and perspectives, to complement the observations obtained through the 
researcher’s point of view. 
The software development was necessary to build the exploratory prototypes used in the 
studies, as well as the Ecoacoustics research group’s website for analysing audio recordings. 
A user-centred design approach using the RAID framework for evolving the web-based 
acoustic analysis tools allowed for collaboration between researchers and members of the 
birding community. The user-centred design framework helped maintain the focus on birders 
through regular assessment of participants’ perspectives. It can be easy to lose sight of 
participant needs when grappling with technical issues and the small details of user interface 
design. Gathering background information through interviews undertaken at participants’ 
homes, the choice of birds and example calls, as well as the evaluation of specific interface 
elements in the online questionnaires were refined and improved through adherence to 
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user-centred design. The reflective and agile aspects of RAID were the most useful, in that 
this blend of established methodologies promoted explicit consideration, and regular 
revision, of designs. It worked well to have the balance between user-centred design, which 
favoured participant interests, and RAID, which favoured researcher reflections on designs 
and the participant use of the prototypes. This yielded a deep understanding of participant 
experience, together with a practical perspective of everyday use. 
Exploratory prototypes were developed and evaluated to provide concrete experiences with 
online applications, for analysing environmental recorded audio. Surveys prompted feedback 
and suggestions from participants, evaluating the prototypes and extensions of existing 
birding activities. Along with agile software development, this approach ensured that the 
designs for interacting with audio developed according to the participants’ needs. The result 
of designing interfaces for birders to analyse acoustic data was a system and approach 
described in this thesis as ‘virtual birding’. This evolved from a combination of Australian 
birding practices, analysis of acoustic monitoring data, and the design and evaluation of 
exploratory prototype websites. 
 Summary 
This research was necessary, as birders’ skills in identifying birds from their calls and 
extensive avian knowledge are needed to analyse recorded audio. Similar skills are not 
available elsewhere, and automated analysis is not yet able to provide the required accuracy 
without assistance. The studies were valuable in showing designs for computer-based 
acoustic analysis interfaces and evaluations of those interfaces. This thesis is timely, as the 
amount of acoustic data requiring analysis is growing rapidly, as more sensors are used. 
Web applications can enable access to a wealth of birding information that may be otherwise 
difficult to access or unavailable during a physical bird walk. A prominent benefit of virtual 
birding is that the recorded audio and associated contextual information that is available can 
be stored and replayed. Virtual birding has the potential to provide immediate access to 
sounds from hard-to-reach locations and the ability to inspect bird vocalisations in depth. 
This allows for the generation of many observations, which is not possible for observations 
made in the field.  
The short-term consequences of this thesis are mainly in efficient use of resources to analyse 
acoustic data. Findings from the studies in this research could improve the current 
investment of limited time and resources. Birders are crucial for gathering the best 
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information regarding endangered species and areas of conservation significance. Longer-
term applications of this research could be to enhance the overall approach to gathering 
observations that form the basis of environmental management decisions. Combining the 
skills and experience of birders with the processing power of automated analysis is a 
potential avenue for efficiently processing large amounts of sensor data with verified 
accuracy rates. 
The focus of this thesis was on evaluating methods for engaging birders to identify birdcalls 
in recorded audio. Birders’ motivation to participate is in the ability to assist with avian 
research and conservation and virtual visits to locations that may be difficult to physically 
access. There is also the potential to capture the sounds from locations of interest and 
establish trends, as well as demonstrate and share birding experience through the accuracy 
and variety of annotations. The studies designed and evaluated translations and extensions 
of birding activities by offering opportunities to expand the core skills and activities of the 
pastime. This combination offers improved sources for ecological observations, which are 
crucial for understanding and managing the environment. The insights offered by this thesis 
into interface designs for analysing recorded audio, enable birders to contribute their skills 
to research, and demonstrate methods for integration of scientific endeavours with 
Australian birders’ practices.  
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Chapter 11: Appendix 
A. Ethics Approval Email 
From: QUT Research Ethics Unit 
To: Mark Cottman-Fields 
Date: 18/06/2012 
Subject: Ethics Application Approval – 1200000307 
 
Dear Mr Mark Cottman-Fields 
Project Title: Ecosounds - Crowdsourcing the analysis of recorded environmental audio 
Approval Number:     1200000307 
Clearance Until:        18/06/2015 
Ethics Category:        Human 
This email is to advise that your application has been reviewed by the Chair, University 
Human Research Ethics Committee, and confirmed as meeting the requirements of the 
National Statement on Ethical Conduct in Human Research. 
Whilst the data collection of your project has received ethical clearance, the decision to 
commence and authority to commence may be dependent on factors beyond the remit of 
the ethics review process. For example, your research may need ethics clearance from other 
organisations or permissions from other organisations to access staff. Therefore, the 
proposed data collection should not commence until you have satisfied these requirements. 
If you require a formal approval certificate, please respond via reply email and one will be 
issued. 
Decisions related to low risk ethical review are subject to ratification at the next available 
Committee meeting. You will only be contacted again in relation to this matter if the 
Committee raises any additional questions or concerns. 
This project has been awarded ethical clearance until 18/06/2015 and a progress report must 
be submitted for an active ethical clearance at least once every twelve months. Researchers 
who fail to submit an appropriate progress report may have their ethical clearance revoked 
and/or the ethical clearances of other projects suspended. When your project has been 
completed please advise us by email at your earliest convenience. 
For information regarding the use of social media in research, please go to: 
http://www.research.qut.edu.au/ethics/humans/faqs/index.jsp 
For variations, please complete and submit an online variation form: 
http://www.research.qut.edu.au/ethics/humans/applications.jsp#amend 
Please do not hesitate to contact the unit if you have any queries. 
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Regards 
Janette Lamb on behalf of the Chair UHREC 
Research Ethics Unit   |   Office of Research 
Level 4   |   88 Musk Avenue   |   Kelvin Grove 
p: +61 7 3138 5123 
e: ethicscontact@qut.edu.au  
w: http://www.research.qut.edu.au/ethics/ 
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B. Participant Information for QUT Research Project 
PARTICIPANT INFORMATION FOR QUT RESEARCH 
PROJECT 
– Questionnaire and Website– 
Ecosounds 
QUT Ethics Approval Number 1200000307 
RESEARCH TEAM    
Principal Researcher: Mark-Cottman-Fields, PhD Student, QUT 
Associate Researcher: Anthony Truskinger, PhD Student, QUT 
Supervisor:  Professor Paul Roe, QUT 
DESCRIPTION 
This project is being undertaken as part of a PhD study for Anthony Truskinger and a PhD 
study for Mark Cottman-Fields.   
The purpose of this research is to investigate ways for interested volunteers to interact with 
audio recordings of environmental sounds, with a focus on sounds made by animals such as 
bird, frog, and koala calls. The recordings are from areas with little to no human activity. The 
two main goals of the research are to provide ecologists with information about the animals 
present in the area the sound recordings were made, and create a website that enables 
people to listen to and label audio in an easy and straightforward way. 
You are invited to participate in this project if you have an interest in the project. The 
research team is looking for anyone who is interested in listening to audio recordings of the 
natural environment, and willing to indicate interesting sounds or suggest the name of the 
animal that made a call. For example, people with birding experience, people who camp or 
hike regularly, people who enjoy listening to the sounds of nature, or those who live outside 
the city. 
You will need access to a computer, an Internet connection, and some way to listen to audio, 
such as speakers or a pair of headphones. 
PARTICIPATION 
Your participation in this project is entirely voluntary. If you do agree to participate, you can 
withdraw from the project without comment or penalty. Any personally identifiable 
information already obtained from you will be destroyed. However, other contributed data 
will be made anonymous and kept. Your decision to participate (or not), will in no way impact 
upon your current or future relationship with QUT. 
To participate, complete and submit a questionnaire (on the website), or create an account 
on the website. 
You can withdraw by not submitting a questionnaire. You can stop and discard an incomplete 
or complete questionnaire before you submit it. Once a questionnaire is submitted, it is not 
possible to withdraw it, as the questionnaire is anonymous. 
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You can withdraw by deleting your account on the website. If you delete your account, 
information you have entered in your personal profile will be deleted. Other contributions 
you may have made, such as adding tags, will be made anonymous and kept. 
Participation will involve interaction with a number of web pages and completing 
questionnaires about your experience with these web pages. Each web page is designed in a 
slightly different way to investigate the most effective way to collect data and help the 
environment. Some of these web pages will be more like a traditional question/answer 
survey (some with Likert Scales – e.g. strongly agree to strongly disagree and some short 
answer questions). 
These web pages involve completing tasks that will take varying amounts of time. However, 
each task is designed to be small (no more than a minute) and you can choose to stop 
participating at any time. 
The tasks will include activities like listening to audio on a web page, and pressing a button 
to indicate an interesting sound. Other input may include suggestions for the animal that 
made the sound. Tasks may show a visualisation of recorded audio. An example activity might 
be drawing a rectangle around a part of the visualisation to indicate an area of interest (an 
interesting sound you might be hearing in the recorded audio). 
The questionnaires will include questions about the user interfaces, your reaction to them, 
and experience with them. For example, “Did you understand the tasks you were asked to 
complete?” and “Did the visualisation accurately represent the sound you heard?” 
Your participation in this project may include content created by other participants on the 
website. This might occur through viewing the history of another participant’s activity on the 
website, or as part of a list of suggested tags. The website may include competitive elements, 
such as a display of participants ranked by the amount of work each has completed up to 
that point in time. 
If you agree to participate you do not have to answer any question(s) or complete any task(s) 
that you are uncomfortable with. 
EXPECTED BENEFITS 
It is expected that this project will not directly benefit you. However, it may benefit you in 
that you may learn to recognise a range of animal calls as well as exposing you to other people 
interested in the environment and listening to animal calls. As part of this project you may 
receive training in identifying particular calls. This would take the form of informative pages 
on the website that give examples of different species, or tips on how to associate 
spectrograms (visualisations of audio) with underlying audio. When you complete a task, you 
may receive feedback on your performance in that task. This feedback will be calculated 
based on data collected by other participants on the website. Again, the feedback is provided 
so that you may know when you have correctly identified an animal call. In this way we hope 
you will be able to apply this knowledge for other recreational activities. 
This project aims to benefit environmental research, particularly research into animal 
populations. This can include studies of changes in particular environmental regions and 
evaluations of proposed development works on the environment. In this way any 
participation on your behalf will go towards understanding the environment. 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this 
project. 
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PRIVACY AND CONFIDENTIALITY 
All comments, responses, and personally identifiable user contributed data will be treated 
confidentially. The actions that you perform to complete tasks on the website may be 
monitored, such as the buttons you click and the identifier of the recorded audio that is 
loaded. This monitoring will not include any personally identifiable information. The 
monitoring is only for evaluating and improving the website, and will only be available to the 
research team. 
Any data collected as part of this project will be stored securely as per QUT’s management 
of research data policy. 
Please note that non-identifiable data collected in this project may be used as comparative 
data in future projects. 
CONSENT TO PARTICIPATE 
There are two main ways for you to confirm your consent to participate in this project. 
Signing up and creating an account on the website, or clicking ‘I Accept’ or ‘Submit’ button 
at the bottom of the online Participation Consent form on the website is accepted as an 
indication of your consent to participate in this project. 
Submitting a completed online questionnaire is accepted as an indication of your consent to 
participate in that questionnaire. It does not indicate your consent to participate in other 
aspects of the project. 
If you are involved in a discovery or some other notable event, we may ask you for permission 
to publically use your username, real name or both. This is entirely optional. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information, please contact one of the research 
team members below. 
Mark Cottman-Fields – PhD 
Student 
Anthony Truskinger – PhD Student Prof Paul Roe – 
Supervisor  
Science and Engineering Faculty – QUT   Science and Engineering Faculty – QUT        Science 
and Engineering Faculty – QUT 
3138 9381 3138 9381 3138 9323 
m.cottman-
fields@student.qut.edu.au 
anthony.truskinger@student.qut.edu.au p.roe@qut.edu.au  
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  
However, if you do have any concerns or complaints about the ethical conduct of the project 
you may contact the QUT Research Ethics Unit on 3138 5123 or email 
ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the research 
project and can facilitate a resolution to your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
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C. Interview Questions 
General Information 
1. How much time all up have you spent on biological/environmental pursuits for recreation 
or research? 
Interviewer to prompt for additional information:  
Examples of biological/environmental pursuits: research into birds, learning about 
sharks from personal curiosity, bush walking, birding, learning about plants 
Time spent:  
 None, 
 Less than 6 months,  
 6 months to 1 year,  
 1 or 2 years, 3 to 5 years,  
 5 to 10 years,  
 10 to 20 years,  
 More than 20 years. 
2. What level of experience and knowledge would you say you have in any recreational 
biological/environmental pursuit? 
Interviewer to prompt for additional information:   
‘No experience in recreational biological/environmental pursuits’ or  
‘What level would you say you are at in your main pursuit?’ (prompt for description 
of pursuit and level of experience, for example:  
 Just beginning 
 Casual (gaining an appreciation) 
 Novice (regularly learning) 
 Intermediate (some experience) 
 Advanced (sharing knowledge, helping others) 
 Expert (extensive knowledge and experience): 
a. in a small geographical region 
b. a state, country, or sea 
c. across a continent or ocean 
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d. world-wide 
3. Where have you participated in biological pursuits for recreation or research? (Please 
choose all that apply, and describe the areas/locations) 
Interviewer to prompt for additional information: 
Select one or more from: 
 Participant has not participated in biological pursuits for recreation or 
research 
 In a small geographical region: where? ______________ (please specify) 
 Australia: where? ______________ (please specify) 
 Other Countries: where? ______________ (please specify) 
 At sea (on a boat or underwater): where? ______________ (please specify) 
 World-wide: where have you spent the most time? ______________ (please 
specify) 
4. What is your background? What drew you into birding? (e.g. related to your work/career, 
family or partner, local group, started with interest in flora, etc…) 
About your birding 
5. How often do you go birding? 
6. How often and where would you go birding if you had no constraints on time or money? 
7. Do you have a place that you regularly visit for birding?  
Interviewer to prompt for additional information: 
If you do, how often do you visit that place? Why do you regularly visit that place 
(e.g. custodian, just hang out, monitoring, easy to get to, favourite birds …)? 
If you do not, are there reasons why do you not regularly visit the same place? 
8. How do you choose the locations and times you go birding? Do these reasons change 
over time? 
9. Do you usually go birding with other people?  
Interviewer to prompt for additional information: 
If you do, why do you usually go with other people? Same group of people or 
different people? 
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If you do not, why do you not bird with other people? 
Observations 
10. Do you keep records or lists of your own observations? 
Interviewer to prompt for additional information: 
If you do, how do you keep your records? What information do you include? 
If you do not, why not? 
11. Regarding bird vocalisations, are you interested in the individual parts of calls or the 
overall song?  
Interviewer to prompt for additional information: i.e. some birds can make many 
different calls, do you notice changes in parts of the overall song? 
12. You’ve just identified a bird while on a bird walk.  
Interviewer to prompt for response: 
What are some examples of how you knew it was there?  
What are some examples of how you determined what it was? 
Audio 
13. If you could choose where to place an audio recording device that recorded for a few 
days up to a few months, where would you put it? Why would you put it there? 
14. How might you integrate (or how do you currently integrate) listening and analysing 
audio recordings into your birding activities? 
Interviewer to prompt for additional information: e.g. recording sounds at your local 
patch, listening to recordings from places you have not visited, keeping an objective 
record 
15. What do you expect to learn or find out from recorded audio? Does adding (or continuing 
to use) recorded audio as part of your birding excite you for any reason? 
16. Do you know what a spectrogram is? 
Interviewer to prompt for additional information: 
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If you do, what do you think are the benefits or drawbacks of using spectrograms to 
identify bird calls in recorded audio? 
If you don’t, can you think of any visual aids that might be useful when identifying 
bird calls from recorded audio? 
Birding challenges and benefits 
17. What do you see as your strengths in birding? 
Interviewer to prompt for additional information: e.g. detecting birds, identifying 
birds, distinguishing between very similar birds, learning new calls 
18. Is there anything about birding that you find difficult? 
19. In your opinion, are there distinct types or categories of birders?  
Interviewer to prompt for additional information: 
If so, what characteristics would you use to group different types of birders? (e.g. 
motivation, information people want to learn, places people want to visit, how 
people record observations, types of birds that people are interested in…) 
If not, why would you say there are not different types of birders? 
Research Group 
20. Are you interested in participating in a citizen science project involving analysing 
recorded audio to identify the birds? 
Interviewer provides additional information to participant: 
 The purpose of the project is to expand the observations available to ecologists. 
 The benefits for you would be becoming a part of our research project, joining a 
group of dedicated birders and other specialists, access to our research group’s 
knowledge of audio recording device deployment and subsequent audio 
processing. 
21. Have you used our online applications for analysing recorded audio (link: 
http://baw.ecosounds.org/)? 
Interviewer to prompt for additional information: 
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If you have, what do you see as the main draw point for the workbench? What 
changes or additional features would make it easier to do what you want to do? 
If you haven’t, and are interested, please visit the site and sign up. If you contact us 
and describe what you are interested in, we will give you access to the most relevant 
audio recordings we have available. 
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D. Interview Responses: Sample Extract from a Transcript Summary 
Summary for P2: First two pages - Page 1 
 Biological: runs hot and cold. When can – week off work, no travel or anything else 
to do – spend approx. half time in recreation. Other weeks might get no 
opportunity. 
 Every week have a least a few hours around property just having a look, before 
work or when home. Sometimes spotlighting at night. 
 3-4 hours/week on average 
 Sometimes birding when travelling, maybe once or twice a year, opportunistic 
birding 
 Sometimes take a whole day trekking and birding if somewhere unusual 
 Father was interested in birding, took P2 along. Grew up in Sydney. More 
interested in 30s, increasing interest as getting older 
 Always been a conservationist, interested in nature 
 Wanted to be a park ranger as a kid 
 Bought block of land to build on and revegetate, learnt about natives, weeds, frogs, 
birds 
 Mid-range for knowledge of plants, not an amateur 
 A bit better with birds, slightly above average for people interested in birding 
 Significant part of life, mainly interested in birds. Justify by not being obsessive. Go 
out and look at things when the chance comes up, end up in spots wouldn’t 
otherwise go. 
 Go to [northern Queensland] for work, have time for chasing grass wren and 
admiring country 
Page 2 
 Like bush walking, also like seeing things other than birds 
 Circular – bird stimulate to get out there; take binoculars when bush walking and 
happen to see things. 
 Travel with work – South Pacific. Travelling for 20 years, seen almost all of Australia. 
Small sections haven’t been. If end up there, will go out and bird and bush walk. 
 Lots of places been to with work and done some bush walking/birding would not 
have been to without work, e.g. PNG and Fiji 
 Tend not to seriously bird outside Australia. Will observe, but not try to extend to 
birds outside Australia. 
 Favourite places around home – nearby dam: walking, always have binoculars. Also 
for exploring and fitness. Walking around property – settled here on purpose. 
 Favourites in lots of places around Australia in many different vegetation types 
 Will travel with work, for birding, and for holidays – with family. Combine activities 
with birding like camping and bush walking. Make time for birding around family 
things. 
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E. Interview Responses: Codes and Categories 
Background 
 Time invested in ecological pursuit (not necessary same pursuit, or birding) [P1: 45 
years, P2: 10 years, P5: 40 years, P6: 8 years, P9: 20 years, P3: 20 years, P4: 30 
years, P7: 50 years, P8: more than 20 years] 
 Family, relative or friend initiated interest in environment/birding [P2, P6, P7, P8] 
 Physical injury required slowing down from family, career, sport to garden, 
observing [P3] 
 Life-long interest, qualifications and experience in environmental studies [P4] 
Job/Work 
 Natural resource management [P1] 
 work involves lots of travel [P2] 
 nursery/live food + photography background [P5] 
 Birding as secondary activity to work [P1, P2, P4] 
 job provides opportunities due to travel/work [P1, P2] 
 Job involved working on land and knowledge of environment [P1] 
 Job inspired interest/love/work in conservation or birding [P1, P5] 
 Equal or greater interest in birding/environment compared to work [P2, P5, P4] 
 Overlap between photography and birding [P5] 
 Retired / less work has given more time for birding [P5, P3] 
 Volunteered for local conservation group [P3] 
 Self-taught about animals/plants/environment [P3] 
 Main work not environmental [P3] 
 Job has some relation to plants/animals [P4, P8] 
 Work in GIS [P9] 
Property/Local patch/Location 
 Changes plants on property, prioritise natives, might remove introduced plants [P1, 
P2, P6] 
 Enjoyment of ‘local patch’ or property only/mainly [P1, P5, P9, P3] 
 Favourite locations are property/local patch [P2, P5, P9, P3] 
 Keen to re-visit/regularly bird at favourite locations [P2, P5, P6, P3, P4, P7] 
 Live at particular location/property on purpose due to love of birds/plants/animals 
at that location [P2, P5] 
 Good working knowledge of expected and not expected birds on property [P1, P2, 
P5, P3] 
 Property increased/sustained birding interest [P6, P3] 
 Interest beyond local area into mainly Australia [P6, P4, P8] 
 Birding locations partially chosen based on personal safety [P6] 
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 Local patch is usually close to home, well-known to birder, enjoyed, interesting 
birds or natural features, multiple habitats, diverse environment [P9, P7, P8] 
 Changes in birds between seasons part of getting to know a location [P9, P8]  
 seasonal changes not as noticeable in Australia compared to US, Europe [P9] 
 More interested in providing good vegetation for animals than simply natives or 
pleasant garden [P3] 
 Visits a range of sites mainly for formal surveys [P4] 
 Birding daily on property, weekly in local area [P7] 
 Birding locations chosen based on if amenable to early morning, if in need of list of 
birds present [P7] 
 Choose for other reason (holiday, camping), evolve to birding [P8] 
 Choose due to changes over seasons/water/development [P8] 
Environment 
 Recognises need for vegetation layers/different types of vegetation to support 
variety of birds [P1, P3] 
 Interest in biodiversity, conservation, human impact on environment [P1, P2, P3, 
P4] 
 Eager to be out there and exploring new places [P2] 
 Concerned about environment degradation and biodiversity loss [P1] 
 Nature/environment is a wonder/marvel/special [P1, P2, P3] 
 Pairs birding with knowledge of plants [P2, P3] 
 Interested in a range of vegetation types [P2, P5] 
 Seen/knowledge of variety of environments due to travel (birding is incidental to 
other reasons or reason for travel) [P2, P9] 
 Enjoys feeling of being outside in bush, in nature, birds around [P2] 
 Connection between birds & habitat [P2, P5, P3, P4] 
 Time available to learn about plants/animals [P3] 
 Good working knowledge of (sci and common names: butterflies, frogs, plants 
(important to differentiate e.g. poisonous), (common names only: birds (P3 
suggests due to culture of amateurs observing them)) [P3] 
 Unsure if human activity changing flora (even back to natives) is always helpful [P3] 
 Faunal monitoring (not just acoustic sensors) [P8] 
Audio 
 opportunity to catch call and check identity of hard to see birds [P1, P2, P6, P4, P7] 
 identifying night birds [P2, P5, P6] 
 Find something new, get complete picture (doesn’t call much, only around briefly, 
too soft, shy, very small ranges) [P2, P6, P4, P7] 
 Uses phone app to make notes & short recordings of unusual/interesting calls [P5, 
P6, P7] 
 Difficulty setting up/deploying/retrieving/processing audio files [P5] 
 Mixing with photography: sensors and manually [P5] 
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 Use of audio prompts to test bird identification ability using recorded audio [P6] 
 Can record birds when not able to be there or not there for birding [P6, P4, P7] 
 Confirmation of manual observations [P6, P7] 
 Evidence for govt or other people to support conservation activities [P6] 
 Description of calls in words is difficult to create and understand, works for a small 
number of birds [P6] 
 Spectrograms might be helpful, but too clunky/not enough time when in field [P6] 
 Interested in technical aspects of audio: attenuation due to habitat, distance [P4] 
 Aid in understanding bird vocalisations [P4, P7] 
 Estimate abundance [P4] 
 Analysis (human and automated) can give nuanced information: call structure, 
patterns, subspecies, sex differences [P4, P7] 
 Audio analysis difficult due to non-standard protocols and immature sound libraries 
[P4] 
 Cover large area [P7] 
 Segments and whole calls [P8] 
 Accents/regional differences [P7, P8] 
Detecting/Identifying 
 Limited photography: basic camera, special things, for identification not aesthetics 
[P2, P6, P3] 
 Equal use of visual and audible [P5, P6, P3] 
 Better with visually identifying birds than by call [P1, P2] 
 Easier to learn visual characteristics of birds than audible characteristics [P2, P5, P3] 
 poor audio memory [P2] 
 Easier to visual identify if possible – will always use visual if possible (e.g. hidden 
bird compared to bird of prey flying) [P5] 
 Visual cues: shape, vertical position in vegetation/trees, behaviour (movement), 
colour, flying or not and way bird flies [P5, P6, P7, P8] 
 ‘jizz’ – overall appearance/impression of bird [P7, P8] 
 Hierarchy of identification: visual, audible, specific differentiating attributes [P5, P6, 
P3, P4] 
 if can get photo but don’t know, send to local experts and field guide illustrators 
[P5] 
 Use field guide app [P5, P6, P4, P7, P8] 
 Go beyond species to age, sex [P5, P3, P4, P7] 
 Heavy use of technology to assist observation/identification/records [P5, P4] 
 May require seeing birds in pairs or see male and female to confirm species [P5] 
 Use example calls in field guide [P6, P3] 
 before guides, would miss out on identifying the bird in the field [P6] 
 aware of birds arriving and leaving, seasonal changes through animals and plants 
[P3] 
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 Birds “have a single identity” compared to plants “local names differ, fine variation” 
[P3] 
 Wants to learn more of ‘which call goes with which bird’ [P3] 
 Aware that birds usually have more than one call [P3] 
 Calls for same species can differ between regions [P7, P8] 
 Not too concerned about mistaking birds – only a few have similar calls/appearance 
[P3] 
 Notice through calls e.g. alarm calls [P7] 
 Birds in rainforest or treetop can be difficult to see [P7] 
 Controversial: playing calls to attract birds [P8] 
Records/Observations 
 only record unusual or seasonal changes in some areas [P1, P2, P3] 
 always record seasonal arrival/leaving, first sighting in day [P5] 
 eager to photograph everything as documentation (including GPS, date time info) 
[P5] 
 Record using spreadsheet [P2, P4, P7] 
 Record property, favourite locations [P2, P5, P3] 
 Observation records at property only [P5: ~160 species observed, almost all 
photographed, P3] 
 Uses eBird [P5, P6, P4, P8] 
 Record observations using notes in field first [P6, P4, P7] 
 Solo: take a bit longer for photos, personal interest [P6] 
 Some birds need to be distinguished by calls, so important to be able to make 
notes, take photos, and record calls [P6, P4] 
 Used movement-activated cameras, particularly for night [P5, P3] 
 Birds usually on property are remembered not written down, taken for granted, 
“walking record” [P3] 
 Concerned about not knowing any scientific names for birds [P3] 
 Look up birds/animals/plants by common name first if they have one [P3] 
 Records additional information: behaviour, breeding, sound, habitat, weather [P4] 
 Record observations in personal journal [P7] 
 Life list: species, counts, sex, behaviour, location [P7] 
 Include location, date/time, number of birds, environment type in observations 
[P8] 
Verifying/Sharing/Improving 
 Share observations, improve records of area around property [P5, P6] 
 Participates in verification of observations on eBird [P6] 
 Group: need to keep moving, less time for personal interests [P6] 
 Participate in formal surveys using recognised methods – richness and abundance 
[P6, P4] 
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 Shares observations with “those around now rather than those who are to follow” 
[P3] 
Social 
 Involved in local conservation groups [P1, P2, P5] 
 Prefer birding solo over group [P2, P5] 
 Solo and group birding equally [P6] 
 Other birders visit property to see particular bird(s)/do surveys [P2, P5, P9, P3] 
 Other birders visit property to see how made inviting to birds [P2] 
 More people can mean more diverse experience due to larger aggregate 
knowledge/attention [P6, P8] 
 Might notice more when birding solo [P9, P8] 
 Groups of 2 – 4 [P9, P7] 
 more than 4 is noisy/more for socialising [P9, P8] 
 more interested in sharing observations with people around at the moment in time 
than others or those who follow [P3] 
 Increase birding knowledge through socialising with other birders [P3, P8] 
 Mixing urban/regional birders, both learn [P3] 
 Mostly with other people for surveying activities [P4] 
 Sometimes join in organised outings [P7, P8] 
 Birding places also good for lunch/outings [P8] 
Birding Activities 
 Judge level of experience/knowledge against public (would see as expert) and other 
birders (would see as average, above average for frequented areas) [P1, P2] 
 Opportunistic birding/observations [P1, P2, P6, P4, P7] 
 Birding more in past, not so much anymore [P1] 
 Current birder [P2, P5, P6, P4, P7] 
 Watching bird behaviour, [P1 gave examples of bird activity: food, water, 
interactions with other birds, kookaburras killing smaller birds] [P1, P5] 
 Birding heavily impacted by work/family: limited time for birding [P2, P4, P8] 
 Birding mainly within Australia [P2, P6, P4] 
 Personality: can’t sit still [P2] 
 Personality: patient and waiting [P5, P8] 
 Knowledge/experienced in very small location [P5] 
 interest in fitness [P2, P5] 
 Target certain birds or habitats [P5, P6, P4] 
 Use camera or binoculars (may not be necessary on local property) [P5] 
 Birds that don’t call are difficult to observe [P5] 
 Difficult to do birding at night [P5] 
 Frequency: every day for a few hours [P5] 
 Frequency: daily on property and local areas with others [P6, P7] 
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 Doesn’t learn calls before visiting a new place [P6] 
 Learns calls before travelling, encourages travel [P7] 
 Trouble mimicking calls [P3] 
 Find learning calls straightforward [P4] 
 Experienced, sees strengths as finding, distinguishing, identifying birds [P4, P8] 
 Birding holidays, a month leave per year [P8] 
 Birding at sea [P8] 
Types of Birders/Motivation 
 Type of birder: Interest in habitat/environment/conservation first, birding second 
[P1, P6, P8] 
 Type of birder: Go to a particular location to glimpse particular bird, tick off the list, 
next! (element of escapism, similar to obsessive collection, ‘stamp collector’, life 
list, not so interested in ecological details) [P1, P2, P5, P6, P9, P3, P4, P7, P8] 
 Type of birder: Interested in birds/plants/other animals, but not to extent of 
learning more, struggle to recognise irregular bird visitors to area [P1, P2, P6, P3, 
P4, P7] 
 Environment specialist: lake/creek/grass/dense vegetation [P1, P3, P4] 
 Favourite area specialist: deep knowledge of property [P5, P9, P3] 
 Passion is sharing knowledge of birds and habitat, wants other people to find birds 
fascinating [P2, P5, P9, P3, P8] 
 eager/’in it to win it’/competitive [P2] 
 Dedicated, patient, obsessive, won’t give up until good experience with a bird 
species [P2, P5, P6, P8] 
 Mainly interested in photographing birds [P5, P4] 
 Mainly interested in recorded (audio/video) [P4] 
 Motivation is circular: see birds while bush walking, encourages more birding; enjoy 
walking while birding, want to go bush walking more [P2, P9] 
 Discussion/debate around observation methods and process of ensuring correct 
identification [P5, P9] 
 ‘Hunt’ out birds is part of enjoyment [P5, P8] 
 Not interested in waiting/hunting for birds, just want to see them [P5, P7] 
 Birding encourages (more) travel [P5, P6, P9] 
 Groups of birders with similar motivations [P6] 
 Bush walking first, flora or fauna second [P6] 
 Most people are interested in more than just birds [P6] 
 Some birders only interested in seeing rare or unusual birds [P9, P7] 
 Motivations may change over time [P9] 
 Activity to do with partner [P9] 
 Crows ‘get in ear’ [P3] 
 Interest in changes over time [P3] 
 Broad knowledge of birds [P3] 
 Ornithologist/scientific (aware of new developments) [P4] 
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 Professional/tour leader (know their area and many others) [P7] 
 Cataloguing/documenting/surveying birds [P4] 
 Birds in cages/pet [P4] 
 Wants to improve automated analysis – sound dataset, quick identification ‘more 
complete library of calls for analysis of recorded audio and identification.’ [P4] 
 Biogeographical filters [P7] 
 Avid amateur/citizen scientist (know local patch well, devote time, energy, money 
to improve personal knowledge) [P7] 
 Coffee table book rather than field guide [P7] 
 Socialising is priority [P8] 
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F. Participant Recruitment Document for Ecosounds Website 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
Ecosounds 
The following research activity has been reviewed via QUT arrangements for the conduct of 
research involving human participation. If you choose to participate, you will be provided with 
more detailed participant information, including who you can contact if you have any concerns. 
RESEARCH TEAM    
Principal Researcher: Mark Cottman-Fields, PhD Student, QUT 
Associate Researcher: Anthony Truskinger, PhD Student, QUT 
Supervisor:  Professor Paul Roe, QUT 
 
Please contact the researcher team members to have any questions answered or if you require 
further information about the project. 
 
WHAT IS THE PURPOSE OF THE RESEARCH? 
The purpose of this research is to investigate various ways for interested volunteers to 
interact with audio recordings of environmental sounds like bird, frog, and koala calls. The 
two main goals are to provide ecologists with information about the animals present in the 
area the sound recordings were made and create a website that enables people to listen to 
and label audio in an easy and straightforward way. 
ARE YOU LOOKING FOR PEOPLE LIKE ME? 
The research team is looking for anyone who is interested in listening to audio recordings of 
the natural environment, and willing to indicate interesting sounds or suggest the name of 
the animal that made a call. For example, people with birding experience, people who camp 
or hike regularly, or those who live outside the city. 
You will need access to a computer, and some way to listen to audio through a computer, 
such as speakers or headphones. 
WHAT WILL YOU ASK ME TO DO? 
Your participation will involve visiting a website, and interacting with the website. This will 
include listening to audio, looking at visualisations (waveforms and spectrograms) of audio, 
and indicating when you hear anything you think might be of interest. We would like you to 
add tags (descriptive labels) indicating the name of the animal you think made a particular 
sound. 
The website itself makes use of audio, which needs to be downloaded over the Internet to 
your computer. Audio files are usually larger than images or text, and might use a little more 
quota than usual. We have done our best to make the downloads as small as possible, and 
will continue to find ways to reduce the size of the downloads required. 
The research team may ask you to complete a short and anonymous questionnaire about 
your experience with the website, the recorded audio you listened to while using the 
website, and your thoughts on what could be improved and what worked for you. 
ARE THERE ANY RISKS FOR ME IN TAKING PART? 
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The research team does not believe there are any risks beyond normal day-to-day living 
associated with your participation in this research. It should be noted that if you do agree to 
participate, you can withdraw from participation during the project without comment or 
penalty. 
ARE THERE ANY BENEFITS FOR ME IN TAKING PART? 
It is expected that this project will not benefit you directly. However, you may learn to 
recognise a range of animal calls, and come in contact with other people interested in the 
environment and listening to animal calls. 
This project aims to benefit environmental research, particularly research into animal 
populations. This can include studies of changes in particular environmental regions and 
evaluations of proposed development works on the environment. In this way any 
participation on your behalf will go towards understanding the environment. 
WILL I BE COMPENSATED FOR MY TIME? 
We would very much appreciate your participation in this research. Although it is unlikely 
this project will benefit you directly, it may benefit you as mentioned previously. Participating 
is a great way to hear recordings of the environment and many examples of bird calls. 
I AM INTERESTED – WHAT SHOULD I DO NEXT? 
If you would like to participate in this study, please visit the study site at [URL] or contact the 
research team for details of the next steps. Contact details are given at the top of this 
information sheet. You will be provided with further information to ensure that your decision 
and consent to participate is fully informed. 
Thank You! QUT Ethics Approval Number: 1200000307 
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G. Participant Recruitment Document for Acoustic Monitoring by Birders 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
Acoustic Sensor Deployment and Interview 
The following research activity has been reviewed via QUT arrangements for the conduct of 
research involving human participation. If you choose to participate, you will be provided with 
more detailed participant information, including who you can contact if you have any concerns. 
RESEARCH TEAM    
Principal Researcher: Mark Cottman-Fields, PhD Student, QUT  
(m.cottman-fields@student.qut.edu.au), 07 3138 9381 
Supervisor:  Professor Paul Roe, QUT 
 
Please contact the researcher team members to have any questions answered or if you require 
further information about the project. 
 
WHAT IS THE PURPOSE OF THE RESEARCH? 
This project is being undertaken as part of a PhD study for Mark Cottman-Fields. 
The purpose of this research is to investigate and document the approach people take to the 
pastime of birding. It also looks into the attitudes of birders towards recorded audio, and 
how acoustic sensors might be integrated into the current activities of birders. 
ARE YOU LOOKING FOR PEOPLE LIKE ME? 
We are looking for people who participate in the pastime of birding. Specifically, people who: 
• Go birding regularly (at least once every 3 weeks) for at least a year 
• Have a local patch or location that they regularly visit 
• Know the birds likely (and not likely) to be present at their local patch 
• Visit their local patch at least once in a 3 week period 
WHAT WILL YOU ASK ME TO DO? 
This research involves an informal interview and deploying acoustic sensing devices at 
locations that birders regularly birdwatch, and then analysing the audio recordings. You may 
choose to be involved with only the interview or only deploying sensors and analysing the 
audio recordings. 
For the interview, we will ask about your local patch, your approach to recording 
observations, how you go about detecting and identifying birds, as well as questions about 
other activities related to birding. 
The acoustic sensing devices will be deployed with our help, collected with our help, and 
made available on our website. You will have control over who has access to the recordings, 
and can request your own copy of the recordings. We will assist you to analyse the recordings 
using the tools available on our website. 
ARE THERE ANY RISKS FOR ME IN TAKING PART? 
The research team does not believe there are any risks beyond normal day-to-day living 
associated with your participation in this research. It should be noted that if you do agree to 
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participate, you can withdraw from participation during the project without comment or 
penalty. 
ARE THERE ANY BENEFITS FOR ME IN TAKING PART? 
It is expected that this project will not benefit you directly. You may learn more about birds 
and their calls. You may gain an acoustic record of an area of your choice if you participate in 
deploying acoustic sensors. You may hear sounds from your local patch, and other locations, 
that you may not otherwise be able to hear. This project aims to benefit environmental 
research, particularly research into animal populations. In this way any participation will go 
towards understanding the environment. 
WILL I BE COMPENSATED FOR MY TIME? 
No. We would very much appreciate your participation in this research. 
I AM INTERESTED – WHAT SHOULD I DO NEXT? 
Please contact Mark Cottman-Fields using the email and phone number listed under research 
team contacts above. 
You will be provided with further information to ensure that your decision and consent to 
participate is fully informed. 
Thank You! QUT Ethics Approval Number: 1200000307 
  
   259 
 
 
H. Birdcall Identification Activity Participant Instructions 
This investigation was part of the presentation given at the BirdLife conference. The 
instructions and information for the participants are included on the next pages (Figure 11.1 
to 11.7). 
 
Figure 11.1 – Slide introducing the spectrogram challenge 
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Figure 11.2 – Instructions for participating in the spectrogram challenge 
 
Figure 11.3 – Conference presentation slide for Warra, Tasmania: from 5:54am September 20, 2012, 30 seconds 
duration (dawn 5:39am, sunrise 6:07am). Recorded in Temperate Forest. Includes audio, spectrogram and a 
photo of the area. 
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Figure 11.4 – Conference presentation slide with annotations and species names for Warra, Tasmania. 
 
Figure 11.5 – Conference presentation slide for Bickerton Island, Northern Territory: from 6am January 20, 
2014, 30 seconds (dawn 6:20am, sunrise 6:42am). Recorded in Coastal Heath. Includes audio, spectrogram and 
a photo of the area. 
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Figure 11.6 – Conference presentation slide with annotations and species names for Bickerton Island, Northern 
Territory. 
 
Figure 11.7 – Final spectrogram challenge slide prompting feedback 
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I. Birdcall Identification Activity Handout 
The handout is attached on the next two pages. 
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Name (optional):  ___________________________________________________________ 
Email (optional): ____________________________________________________________ 
 
Virtual Birding: Extending an Established Environmental Pastime into Online Activities 
Identification Challenge 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Warra, Tasmania: from 5:54am September 20, 2012, 30 seconds duration (dawn 
5:39am, sunrise 6:07am), Recorded in Temperate Forest. Write down the birds 
you recognise: 
 
____________________________ _____________________________ 
 
___________________________ _____________________________ 
 
____________________________ _____________________________ 
 
____________________________ _____________________________ 
 
________________________________________ 
Warra, 
Samford, Queensland: from 6am September 2, 2013, 30 seconds duration (dawn 
5:39am, sunrise 6:02am), Recorded in Open Eucalypt Forest. Write down the birds 
you recognise: 
 
___________________________________ _____________________________ 
 
__________________________________ _____________________________ 
 
__________________________________ _____________________________ 
 
__________________________________ _____________________________ 
 
________________________________________ 
Samford, 
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1. What did you think of this identification challenge? 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
2. How might you integrate listening and analysing audio recordings into your 
birding activities? For example, recording sounds at your local patch or listening 
to recordings from a place you have not visited? 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
If you would like to continue identifying bird sounds in audio recordings and help us 
with ecological research, create an account at our website to get access to a huge 
collection of audio recordings: http://ecosounds.org 
Please return this handout at the end of the presentation. 
Bickerton Island, Northern Territory: from 6am January 20, 2014, 30 seconds (dawn 
6:20am, sunrise 6:42am) Recorded in Coastal Heath. Write down the birds you 
recognise: 
 
____________________________ ________________________________ 
 
____________________________ ________________________________ 
 
____________________________ ________________________________ 
 
____________________________ ________________________________ 
Bickerton Island, 
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J. Participant Recruitment Document for Checklist Prototype 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
Crowdsourcing the analysis of recorded environmental audio 
The following research activity has been reviewed via QUT arrangements for the conduct of 
research involving human participation. If you choose to participate, you will be provided with 
more detailed participant information, including who you can contact if you have any concerns. 
RESEARCH TEAM    
Principal Researcher: Mark Cottman-Fields, PhD Student, QUT  
Associate Researcher: Anthony Truskinger, PhD Student, QUT 
Supervisor:  Professor Paul Roe, QUT 
 
Please contact the researcher team members to have any questions answered or if you require 
further information about the project. 
 
WHAT IS THE PURPOSE OF THE RESEARCH? 
The purpose of this research is to investigate ways for interested volunteers to interact with 
audio recordings of environmental sounds, with a focus on sounds made by animals such as 
bird, frog, and koala calls. The recordings are from areas with little to no human activity. The 
two main goals of the research are to provide ecologists with information about the animals 
present in the area the sound recordings were made, and create a website that enables 
people to listen to and label audio in an easy and straightforward way. 
ARE YOU LOOKING FOR PEOPLE LIKE ME? 
You are invited to participate in this project if you have an interest in the project. The 
research team is looking for anyone who is interested in listening to audio recordings of the 
natural environment, and willing to indicate interesting sounds or suggest the name of the 
animal that made a call. For example, people with birding experience, people who camp or 
hike regularly, people who enjoy listening to the sounds of nature, or those who live outside 
the city. You will need access to a computer, an Internet connection, and some way to listen 
to audio, such as speakers or a pair of headphones. 
WHAT WILL YOU ASK ME TO DO? 
Your participation will involve visiting a website, and interacting with the website. This will 
include listening to audio, looking at visualisations (waveforms and spectrograms) of audio, 
and indicating when you hear anything you think might be of interest. We would like you to 
add tags (descriptive labels) indicating the name of the animal you think made a particular 
sound. The website itself makes use of audio, which needs to be downloaded over the 
Internet to your computer. Audio files are usually larger than images or text. We have done 
our best to make the download size as small as possible, and will continue to find ways to 
reduce the download size. 
The research team may ask you to complete a short and anonymous questionnaire about 
your experience with the website, the recorded audio you listened to while using the 
website, and your thoughts on what could be improved and what worked for you. 
ARE THERE ANY RISKS FOR ME IN TAKING PART? 
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The research team does not believe there are any risks beyond normal day-to-day living 
associated with your participation in this research. It should be noted that if you do agree to 
participate, you can withdraw from participation during the project without comment or 
penalty. 
ARE THERE ANY BENEFITS FOR ME IN TAKING PART? 
It is expected that this project will not benefit you directly. However, you may learn to 
recognise a range of animal calls and their names, and come in contact with other people 
interested in the environment and listening to animal calls, such as birders. This project aims 
to benefit environmental research, particularly research into animal populations. This can 
include studies of changes in particular environmental regions and evaluations of proposed 
development works on the environment. In this way any participation on your behalf will go 
towards understanding the environment. 
WILL I BE COMPENSATED FOR MY TIME? 
We would very much appreciate your participation in this research. Although it is unlikely 
this project will benefit you directly, it may benefit you as mentioned previously. Participating 
is a great way to hear recordings of the environment and many examples of bird calls. 
I AM INTERESTED – WHAT SHOULD I DO NEXT? 
If you would like to participate in this study, please contact the research team for details of 
the next steps. Contact details are 
given at the top of this information sheet. You will be provided with further information to 
ensure that your decision and consent to participate is fully informed. 
Thank You! QUT Ethics Approval Number: 1200000307 
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K. Checklist Prototype Questionnaire 
There were two types of questions in this survey: questions with open-ended text responses 
[oe], and questions with responses on a 5-point scale [5p] (Strongly Disagree, Disagree, 
Neither agree nor disagree, Agree, Strongly Agree). 
1. Please describe the sounds you listened to. What did the sounds make you think of? 
Was there anything unexpected in the sounds you heard? [oe] 
2. Checklist [each item is 5p] 
 I was concentrating on finding birds I had not heard yet. 
 It took more time than it should have to find a bird's name on the checklist. 
 The bird name checklist search box was helpful. 
 I was comfortable with the arrangement of the bird names on the checklist. 
 I found the links labelled A to Z in a row on the Listen to Birds Checklist Page 
useful. 
 I had trouble keeping track of the birds I had heard, and the birds I was yet 
to hear. 
 It was easy to indicate that I had heard a bird call. 
 It was always clear what the Listen to Birds Checklist Page was doing. 
 I would be interested in using this type of system on a regular basis to listen 
to bird sounds 
3. Identifying bird calls [each item is 5p] 
 The visualisation of the audio recording (spectrogram image) was helpful. 
 The bird checklist could be completed by someone very new to birding. 
 Knowing the time-of-day the audio was recorded was unnecessary. 
 I needed to know the location the audio was recorded to identify bird calls. 
 I was confused by the visualisation of the audio recording (spectrogram 
image). 
 I think the bird checklist is best suited to experienced birders. 
 The background photograph on the Listen to Birds Checklist Page assisted in 
identifying bird calls. 
 I would like to see the bird names that other users think are in the audio 
recordings. 
4. Audio recordings [each item is 5p] 
 Listening to each audio recording took too much time. 
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 I was comfortable with the length of the audio recordings. 
 The audio recordings were too short. 
 It was easy to control the playback of the audio recordings. 
 I had trouble moving to the next audio recording. 
 I had no trouble understanding how the audio recording controls worked. 
 I was familiar with the audio recording controls from previous experience 
elsewhere. 
 Moving to the next audio recording was straightforward. 
 I was comfortable with the amount of control I had over the audio 
recordings. 
5. How much time would you be willing to spend identifying birds using this tool? [oe] 
6. Are there any changes to the Listen to Birds Checklist Page you can suggest that 
would help you find or identify bird calls? [oe] 
7. Do you have any general comments about the Listen to Birds Checklist Page or the 
bird name checklist? [oe] 
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L. Virtual Bird Walk Participant Recruitment Document 
 
PARTICIPATE IN RESEARCH 
Information for Prospective Participants 
Virtual Bird Tour 
The following research activity has been reviewed via QUT arrangements for the conduct of 
research involving human participation. If you choose to participate, you will be provided with 
more detailed participant information, including who you can contact if you have any concerns. 
RESEARCH TEAM    
Principal Researcher: Mark Cottman-Fields, PhD Student, QUT  
(m.cottman-fields@student.qut.edu.au), 07 3138 9340 
Supervisor:  Professor Paul Roe, QUT 
 
Please contact the researcher team members to have any questions answered or if you require 
further information about the project. 
 
WHAT IS THE PURPOSE OF THE RESEARCH? 
This project is being undertaken as part of a PhD study for Anthony Truskinger and a Masters 
study for Mark Cottman-Fields. 
The purpose of this research is to investigate ways for interested volunteers to interact with 
audio recordings of environmental sounds, with a focus on sounds made by animals such as 
bird, frog, and koala calls. The recordings are from areas with little to no human activity. The 
two main goals of the research are to provide ecologists with information about the animals 
present in the area the sound recordings were made, and create a website that enables 
people to listen to and label audio in an easy and straightforward way. 
This experiment takes you on a virtual bird tour by completing tasks at locations around 
Australia. Each task involves recognising calls made by a particular bird species. Examples, 
photographs, descriptions and other information are provided to aid you in learning about 
the bird and recognising the calls. The purpose of this experiment is to investigate a method 
of verifying the labels applied to annotations made on audio recordings. Verifying the 
annotations will give ecologists a measure of confidence for the annotations, so they can 
make informed decisions. 
ARE YOU LOOKING FOR PEOPLE LIKE ME? 
You are invited to participate in this project if you have an interest in the project. The 
research team is looking for anyone who is interested in listening to audio recordings of the 
natural environment, and willing to indicate interesting sounds or suggest the name of the 
animal that made a call. For example, people with birding experience, people who camp or 
hike regularly, people who enjoy listening to the sounds of nature, or those who live outside 
the city. 
You will need access to a computer and an Internet connection. 
WHAT WILL YOU ASK ME TO DO? 
We will give you information and examples of calls by different birds. Your task is to select 
'Yes', 'No', or 'Unsure' for each audio recording that needs to be classified. 
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. 
ARE THERE ANY RISKS FOR ME IN TAKING PART? 
The research team does not believe there are any risks beyond normal day-to-day living 
associated with your participation in this research. 
ARE THERE ANY BENEFITS FOR ME IN TAKING PART? 
It is expected that this project will not benefit you directly. You may learn more about birds 
and their calls. 
WILL I BE COMPENSATED FOR MY TIME? 
No. We would very much appreciate your participation in this research. 
I AM INTERESTED – WHAT SHOULD I DO NEXT? 
There are two parts to the experiment: an online experiment and a follow up survey (also 
online). 
You will require Google Chrome to be installed on your computer to participate. 
The experiment and survey combined should take no longer than 20 minutes. 
Part 1 – Virtual Bird Tour Experiment 
Simply go to the following website and follow the instructions. 
Go to this link: http://baw.ecosounds.org/experiments/tour 
Part 2 – Follow up Survey 
Go to this link: http://survey.qut.edu.au/f/176744/6982/ 
Thank You! QUT Ethics Approval Number: 1200000307 
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M. Virtual bird Walk Questionnaire 
There were four ways of responding to questions: 
 single response from a list [sr] 
 more than one response from a list [mr] 
 open-ended text responses [oe] 
 one response on a 5-point scale with space for optional comments [5p] (“I did not 
notice it”, “It was not necessary”, “I did not use it”, “It was necessary”, “It was 
essential”) 
 
1. Personal Information 
a. Please Select your age group from the list below [sr] 
 Under 12 
 13 – 17 
 18 – 24 
 25 – 34 
 35 – 44 
 45 – 54 
 55 – 64 
 65 or older 
 Prefer not to say 
b. What is the highest academic qualification you possess? [sr] 
 High School graduate 
 TAFE Diploma 
 Bachelor Degree 
 Post Graduate Degree 
 Professorship / Post-doctoral qualifications 
 Prefer not to say 
2. Your Background 
a. Have you ever gone looking for wildlife for recreation or research? This could 
include birding, looking for kangaroos or wallabies, observing lizards... [mr] 
 Never 
 Yes: Once or twice 
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 Yes: I am a birder / birder 
 Yes: I go bush walking 
 Yes: I go snorkelling and/or diving 
 Yes: other (please specify ____ ) 
b. How much time all up have you spent on biological pursuits for recreation or 
research?  E.g. research into birds, learning about sharks from personal 
curiosity, bush walking, birding, learning about plants... [sr] 
 None 
 Less than 6 months 
 6 months to 1 year 
 1 – 5 years 
 6 – 10 years 
 10 – 20 years 
 More than 20 years 
c. Would you consider yourself an expert in any recreational biological pursuit? 
This question relates to the pursuit you are most experienced in. [sr] 
 No experience in recreational biological pursuits 
 Novice 
 Intermediate 
 Expert (in a small geographical region) 
 Expert (across a state, country, or sea) 
 Expert (across a continent or ocean) 
 Expert (world-wide) 
d. Where have you participated in biological pursuits for recreation or 
research? [sr] 
 I have not participated in biological pursuits for recreation or 
research  
 Australia  
 Another Country (please specify ____ )  
 On a boat or underwater (please specify ____ ) 
3. Prototype Activity 
a. In your view, what was the purpose of this experiment? [oe] 
b. Overall, how easy or difficult was it for you to decide whether to respond 
'Yes', 'No', or 'Unsure' to the annotations? [sr] 
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 Very Difficult 
 Somewhat Difficult 
 Neutral 
 Somewhat Easy 
 Very Easy 
c. Were the instructions given enough for you to understand how to complete 
the experiment? [sr] 
 Yes 
 No (why? ____ ) 
d. Did you learn anything new while completing this experiment? [oe] 
e. In your opinion, how much experience in birding is necessary to complete 
this experiment? [sr] 
 No experience is required 
 Some experience is helpful 
 Quite a bit of experience would be better 
 Experience is essential 
 A casual birder would find it challenging 
 Only keen and experienced birders could do it 
 I don’t know 
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f. Please indicate your use of the parts of the pages that displayed the large 
maps [5p] 
 Page Title 
 Instructions 
 “Move to Waypoint” button 
 “Continue the Virtual Bird Tour” button 
 Large Map 
 Location Information Window: Descriptions of Location and 
Vegetation 
 Location Information Window: Photograph 
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g. Please indicate your use of these interface components [5p] 
 Example Annotation 
 Annotation Requiring Response 
 Current Location 
 Species Common Name 
 Species Scientific Name 
 Conservation Status 
 Species Photograph 
 Species Distribution 
 Species Description 
h. Please check all the items of information that you needed to complete this 
experiment [mr] 
 Species Common Name 
 Species Scientific Name 
 Conservation Status 
 Description of Animal 
 Photograph of Animal 
 Geographical Distribution 
 Current Location 
 Time of Day 
 Example Audio Recordings 
 Weather 
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 Season 
 Example Spectrograms (image generated from audio recording) 
 Instructions 
 Other Information ( ____ ) 
i. How long do you think you would devote per week doing a task similar to 
this experiment, perhaps as part of a local conservation group? [sr] 
 I would not do it at all 
 I would do it a few times, and then stop 
  Up to 30 minutes per week 
  Up to 2 hours per week 
  Up to half a day per week 
  Up to a day per week 
  Up to 3 days per week 
  More than 3 days per week 
j. Are there any suggestions or comments you have regarding this experiment? 
How could it be improved? [oe] 
